
j 4w?U- l j}\ Jl*1jA^ Jb4 ^jjil iL* *Jy>- jr^ 

. jtLil .j^ ^ ; j i ^-^jJUji *LA! 5 j^Jj a^mUiJI 

C^J-L? lil Ua^S j Jw^ wg-:-j|5- ;_i aLd.1 £ J 4*tjJ olfrj^ ;j 4jll£3l 4 ^l>I j*^* 

oLJUJJ l -> jt 4-^Jj jjJiJLJ a jj-U^ *Ul 

rL^i ^LoU! otjLJ\j i^pl\ ^jJlp iiJb^ iiA jpjb I?! isj\ *L* til 

t ^W K VM*JL ^ ■hj^V '^^ ^ JKvm * 1 il^ 

ojjU uj^Jl j o-^H *L*lli ^jJL’ji *LLI 1j_>-j 

jjJLiJ <JLjJJ 3 jjajl ^Ud_i < _^-^ lj wLxfCJl JJUJSj t^Lll oUlJJh^'ij 

i^l JLiJj <r J-JU^xJ 1 ! ij tl^- * *Uli 

. i—- 1 wsSu^ lJI^JmV^ ^JJLdV^ ^v* jj£ ki--^ j£- iw^S* ^jVt* i j . Ud^ . ^ ^hXX^ 

sL*l!l i-*Pjj J*L^ J 3sjUiL^Vl k— jLj^JI lJ k^U^S" Ji-jajj 

.lilt- Ojj-lt-j J™qJ“ j-n Jy^- L*J 1 oL^rVlji 

<J JlP V1 ^^JU 1 ^jJLt Lh i ^*bi1 l5 

■ iJb£J1 ij_ft iJ 3 jA*m wJul J 


j 





4^W1 *>11 dUo 

lj^) (£&feS 3 £-*>i I^JCTMSS) ^ ^L*Vl ^Jl y> #U 1 

< oLM j 1 .j»j.j» i- jj--i «!' ^a ^yLC- eUiL a L a -,! h *j/1 ^ JlSJj .(T 4 t *-L-J 

jjArtJI i ^ ml j*L%-I . bjjla aLj LJ^aJI J a 

P ^ ‘ i —■■* u5 J P J J IA wwM ^JS 0 ^wjh i diUij 

<J3ji1 J^JLwJl w*J*LdLl jf Ob-j-Jkil ^lJUklwL pUlI ^ 

JJU \Zj\jr-\ji] ^A^~J 'L^XgJllj jtbll jj ( ^ftjljJl JjiXfchJi ^1 (^JjLbJI) 

^Jb 'US' Jjjjl J eUil ^V> SJjjJlJl jLV 1 ! ji>- f JLiU V- 1 !^ 

jy^ ^ ujL^i f ^j\ <^j ±\j ^oai v 111 JjWUj (>,r-M > j>*Ji j 

sUlU UL>- n>\j Uiiji T t_Jj^z}ij \S^ 

LflJUi j iili-i jl*LJJ J jJ J k^\j^\ ^>-ljjJl J ^JLiJ 

*LJL1 u| JLt illil^l ^jjU 1 ! Cf* .^Jj-*-wJl J^jjJI <£JUlJ 
JUj£ JUS j£*Vl a LI l l> 1| p-£J& l^j J ]j I^LUhXw-I JLijJ 

^jL* T V iJoUslj <^JJlj ^Lp J_? J iU*U ^Lp jljil J UUS 

,>j_Jl *Lix*-y'i p3L*Jl tJjo <JhL* 11 iSjULJ U—^ 





V 


4j^ia«*Jl *L11 Jl iojA*J^ i^^jl <SX*i1 j&j&j 

ijt^Jl l_ iVf JLl* iijJU *LAl oU*? JL*-jJ U£ + CjLjjJI j 

<*^^)ji|ii'l oLjj^JI ^j^J 1 -(-* ^ i 1 \ i ot*lt) iL*B iJUl^l obj&Jl ^j-w 3 
j_aj s3 ^LadJl j»a 4aJo^ 1! j «UJ dUbJ 

J - - A ^ y—5^-J ^ ^ ^ 3,i3,m,A i ^^ . frljSvl J; k — i3 . i .^ L^ 

*3JjJ 'J\ 5ikd1 J i^*U- -O*^ 



,(> uji ju\|i *v* *-jL^ ■( V i) 
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^ i ym —I 1 Ajf jaJ' i- ^Ul lJt _y i 0V* 



.fcoiJi SJdi Jy^V ,(1 ,T) 
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\ ■ *'w 'l 3j,*^^l]*l OjI^Jj^zJI 

oLjpj 5^H * JL* J aULl j£j .<£JUU j^lj jJl lS-^-J Jl 

X ^ A£ (jLlb ^IjJ^ *ji_}j) oj^liL *y? ^ * ** ™ £ * * ok? 

i_jLjj1 Ijjj^pj OLw^V 1 ! 5*—^ J) Lj&jjJj ■aLJ.'i u-ti LsbUailj 
Itr S-ibj jr^d £^b JJ* ^JL* 

^ ^ ^ ( J J *J J~^~ ^*J ^ 

j* i* j* 

i JjjJj Ju_Jm^J jU ^*L>-j Jl 5 

H ' ^ _ I 

■ " ^ ■ ■•~ ! ' 1 J«^>" t 4 ^ a £ wJL ^ ‘ id Lt£- hp^Jl C LrU. I wL^W^^j j^J -^3 J JJ ^* ^"~ S r^^uj ^ ^ T~- I Vijj Jw 

l j-» ^ * — A • j-i-i? i»j‘U.\ j tj-S **-*£ ^LLiji 01 

.(j*UW « ^^Jdl ) <t >>uJl i*yJl i£LlU iJU! JyljXJ 

E H 

k. ■ '■Ijf4 l 1 ■ i.■.■. ■ .■ ■. . 1 ^ V ‘■4? j J^LbJh I ^ jJ jj^vk l O Jh I- ^ Jj i ■ I L . ■ .-■' ^~-.*^ 

y.fX J\j^ Jii ^11 jJ. Uj±.\ .Ul oi 0^' * 20 f- 11 .Lll J* ^1 
Xr,T .Lll^J-IT3..-1.«Li1 L*Ju <^JL£J1 ^ 

,( _* ^ t X V < APIjj)| 2j1jL> ) y * J V < r . 4 > ii-Udl i_>jH^StSl iLy* lj-ji-tj 
»LAl > . ll^H 01 vL^ i 1 j Lj^j jIjjj #UL1 < .1^11 oj 
Ojjjj *V — uQ'i«ili->l HjujI ^ll^ - il-ijl 

»U j w^i. Ojj* fl>YT Jiyi axil j if^lj^ *Ul y> iil^l X$I\ 
-<^j1 2 ^L^Jj ^ ^ Y * * ' «j - » . ^ > ^ A * * * Crt?l£ l <.i, j; * ^^ ^ A \ 

j J-& r Y * * V fU. 0j_JU Y\' - < ^jLLU JJ ^_»L_>T 2J^ 

^ i-tJJ^il ^3 -'wh-L i K_l>J5Ij LfcS* .( Jbl it ^ L R-Jj-^31 J &Lil ^ it ( \ f \ ) Jj'iAi -\ 



0 




^ jfi ■ M,-1 *\A.\ Aru' 1 *£JL*ll ^3 *Ltl ->jl ' i,n“ /j£Lj 

^( J& U 4h!> 1jAjJi ) *JLcJl *L*J SJLlJkl i ^wa)i U^aH a L*J iijJL *UHj 

I S i 3 l — '.k I Jl <■ ^■■.W .P . J-'L ' I l aftj \ J| 4- '_ * jj 2 * ^ ^ ^ L^ 1 ^ Ip Lvjh ^ 

A-*£J1 j-JL^j JjXwJ-1 ^L-l ^ jU^Vl J^Lft Jjl> fljJjVlj ^L-JJ 1 ! 
*Lll P-L& L; ^4 0jJL* T T * * I 4 »j 4 Jij'wajkl P ^4 l^J^i t". J JjSL 

aUtl tijjL *l*Ll j^La* sUU ajjJoj jjJUJl l _-yj i ^UjjJI j ifrl-j^ 

pL* La| J ( Jpji' ) iLw? <Sj%- 4 L* L^J^J 0^ L| J * J V l ■ ■■ i 

waul ^j-^-X 4 j i/i iji■ ^ j-JJ c laU ^ Lj ^ I j Ji -ill 11 * L La£- 

i ^i^uaJ I ) Jw-jj^JJ o^ P L* J £ Jj JjptjJ i XLli *Li P La J \ I g J M r 1,^1 

,(-*U\V 

JLj^ 1 ' ^SLii 1 j ^jbl5>J>cu-Ji,l aL 1 - <**JT .£ ^ ^ ^ JjhA^ 


(*UT^ Sjljj) 


l^u jfc*Vt i’^V' 



aL* 

L§^ 3 U* 

iwr 

n--p 

TMA 


0*10 1 

\1\A 

t*rt 

fMAT 

"l. r& 

mA 

uw 

fMAr 

\y\A 

mA 

o \ 1 ' 

fMAt 

AVA< 

^ °M 


f ^ 














•<>»>) JjjJrl gtf 


5-sal ^j^te 
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ir>* •* —^ ifx?!" ^ r f \(-'vft' Vi? k* ) 







A 


al-jL 1 ' ^LS) 0-U^ {J £jl£L«J1 JL*1*J 

3 j^o OjJU T k^jUb La UW jijJ yUJ1 j *UJ A-ifj -iSJLll 

.( J&^m i iUd i^ljj ) jIjV^ k ^* wwwJj JaJj£ ^Jlj ^ 

fLAi l£ _L^- ^l_h_3^J'i L*U 4jLLa 11 ^ysr »,i^ H Lj-j^dJ 1 - aLm^ l^JLJ 

* OlUJI J^I-i^M ^jJ ijJJJL^J L jpdLjrJl jj ^jlj-U |Jj jJ 1* fc.VuJ j * 

3 ^JLUl l i ^k^aj 1 ! uiflLj* ^v*5 j-LjJ.j t ijJUJ J^>-1.> j-iajL 1 ! ob*Jsu-JJj 
o 1 yT ^'1 jjs- jtaxw ^»UJl 3 OjJL* o * * k—^j.'UL Lc 

-u^ V l < Ah ■ * ^ Lh \ t (_* ^ i T V 1 ^ ) _jSLb u^JL* 

&L=* SjS Sjp*l-w* 3 **-* i£^ 3 ii-Ull 

_^ ± ^ /l ^ ^ ^ y^ ^ j- ^ .3 ^ 

, _* \ £ T o ^ Ufl 3 u-^Ju V 4 * 

H H 

I j_^ ^-JlS 1 1 ^£-j'|J_*JJ Ltf j nit ^-_J i-sli J^LJI flL-J- 3 frLA 1 ! 

3 ^o 1 ^ 1 0-* iJB-" 3j=—• ^ Hr* 1 jLt* 1 ^ iSjJj^^ 

[ ^jJh S^UjJU u>j_^ oLyj ^-L*^ V ^c j X m - U IJL* \L-^- jjMr 1 <2**^ 

oLJl j* lLI I^ -vj U J&jj*J fL^j oLJI ji UjjV i _ r aiJ1 j\ 

■3J 1 ' ^ Cr* ^ ^ 

4 ^j^ 1 ; ^jjj^ ^y 1 (j?l ^**-^1 -clj i^jJli osyuj 

jJl iJjju ^1 ,j£jf j ^IJLl, jJsU* ^ J^Jy^ 3 ollisU ^1 

(Hanson and Kite ? 19S4) : iJtJl ^LJ^\ ^ ^V till; Lf-W itljjJI 

rO>LJ^ j-oJ i’jJ^jJU LfcJo^j^J i’j,ilJ tULi * 

■3j|^ ‘ir? 4 0-7 iJj] ■|j J T 1 





5 

.oLxJl az*> u jjSsj * ^i-l j Sjjitl JijjpJ * 

■ * n '|fl 1 I * ^.■.■-*. a V^- 1 >H>- 1 Jf*—’ **Jh ■J' ^ ■ j i^l 1 ^1 jJLj 

.i*jluj j! ijdi ^ C ^1 j~i * 

yr-^b^' 0” 4 ^' V k r > j'-L b* {JL*J1 ^Li-aJl JljJl J-i* 

is4j*t (Hillel, 2000) ^'j^ 1 ^BVl j '/-T • j* ^i ^U, V 1 UtfH 

^jJ^i sL* ^JLiftll jtajjj jLU*V* iili-l ^^Jfl-Uil J ^jJb <**LJU 

.iij-Ujjl j lj\ ji~\ jkLSujil 

J aJili o \j j ,fT-^ J > i *-U-i jl^* ^ LaS I ^jpJ 1 ! j-1 -L^jj 

i « ■ ’** * **$ ^ ^ j t * * ■ ^ «l ^j- bjj^ J< 

JJ . y 3 - « Jl j^P ^jJI (J Ijj ^"j- ^J_C ^J 1 ! 

fl-rtjjjJl ^l£JL* 1| JL^JLJj . ij_^J l ^1 Ji ^jJ l Ow*J^www i L yJ 'l aJ jUaJ I 

i£ m ^*** ^aIzsJJ ^£^1 ^uLjLj jS?b ^£^51 JL^ ijjJoJ LjjuA-uJ- 1 ! 

,( ) > V — ^i, t ^^sJl) C^£j ,^>ds_*Jl JtJi^jb ^Cjl£ 

^Jjdi"1 *LgJffljlj j-4jJlj f^jjl Ji* iCJuJl 4^jJ1 J 

'£*-*?* ■ ( ^ \ £ X \ i\iV$ 4 (Jjj-^ ) ^jPrlfT. .1^1 Ifljj mKj ^5^1 Jfl* 

i—jSJl J ^^uil JJJ4j Uil Ci^JI j r 'J^ r lJL^l |f 

,{ W — V i jj^aJO ( Al-Omran et al, 2005) UjJUU 5JU dU ^IJLieu-jb UJlj 





\ * 














. ^Jjr-ft5l ij ^Udajj ^jJT El J l Uifl^jj ^ J\ ijij^-ajl 




















J-i^-' J: »Jl C-£ 'n^ji-tU ^Js ,^1 ,’1) 



JW-I J i*j&i ^j^-J 1 i«A^V s?^ 1 -(' > v ) 








vr 




i$J\ aL. o^Utf'(VT) 

Irrigation Water Efficiencies 

J_U 1t£ oljm^n ,^,r A wil * ■ JjrT, ■ n i 

^jjc- ijl . oUdiivJ^ *-La U ^p^J- oL*-jiJU j Ojt-iH 

i ^jjl 3 klJ j^4±L^1 L-JU *0 >-J J>J ^jlil JuUi Lfl/t; UjUdil j;*L* S^UaS* 

J| ■ ^ ■ ■ ^1 ^ ■ *1 ^ -jj—j^J 1 i L»J L w U I i <_^3 |3i-^.JiJl ■ Mil C^-—‘iS’L 1 jj^ 1 ^w^w lJ ^ l I I 

^ j^^JL+LJl Lil *£*nJl J i Lll Jl ^^MiJl Jh-V»i 3 i j^jij c~iil 0 

^pjaj iJLfrli- Jjjjjdl ^jjl S.>liL*Wl i-ij? ^jJL^ Jjtf ^S+UfT L>U ^ 

^5j_j l ijjj'n i J_*lS hLj^j pJjs j flL** s*^“j J^J 

SjhVl J * ijjJi £jSj i ^jJl Uj j^s L prtA^i Jisk, <.ui 

^IJSJJ-I 

^LaJJ j l^Ubji j iJlIl 

H 

.3jLjUj a#U -1 jJ^Lil ^ Jjj^ 3 

»->-* kjjj^^ oU-—»'j^r-1j-« u^ 1 —*-J J *'- i & ! J-* Oj 

^jJl JLc- yt$ 5J_JU Sjb^/lj 0} tS j-Jl ^U*j ^ JpaJl 3 j-*» »*LixN 

.*jij 

<j\ J^ -V? 'l j] J_Lib ^jJuC j L* ' eJLt- Jj Ols-L^^J 1 ^ y M y-Hj jj >Lf j 

l 

W r ater Conveyance Efficiency ji itUT (\ t Y ,\) 
iSLi |WilJ *\-S\ J a<cU i ^ U-^Ua_-^l j-jfcj 





U 


j o^iJL? ^Juli^Jl (_CjJ*i 4m* U H jj wv- lJJj-H ^LJ. SjjJLL* j-s.*? 

Water Applicalum Efficiency *Ui SiU?J S*U£" (>,Y,Y) 
jJ_i ^Lif^ Al\ ,jw£l1 jj-^ 0 CJj-£j ,JJbi-L JJ Jj-^3j -X*j 

_^-jwj oLJ! aJl~ j 4 fl !?.a j till 

tftLll ^L^?l ^La^jl f-kjSl ( ^fr 
Water use Efficiency <LjU ^UA^ml StliT ( ^, Y , IT) 

*UU -Ufr ol OUUJl J-j ^m» fl Ul s*U£ oj 
JjUJI Jjh^>wJU l^c- jl Jl U Jl oLJl Ai LU* 

. AJl^ail *ULl SJ^j 

aJJ jiJbS j 0 ,r> 

fJo* S*Lt£ £-ij i^jJI jL** ^IjJhll-,- 1 *u-i jJ JjL^j Jjrjt j_- ij} 

.Ut J-JlIj Aji L*5 jJl j\ Uj i v JL^ ijijJI ^-Uoj J-i* I*Jjh ,t ,, J || 

! Ojj ■*^Vr i 1 jm^ I l__J m||i ^ »'J ft- 1 

■ I ^ i3 jP \ 

i* ^ 

JjoUJ *i ^ Ii4-jcJ1 u-^ 1 Jt jh^ I J ^£jJ ^ ^ It- k^jj-Jaj Jl-LS 

lJ&mI,OT j.joJLi) UUT* ialllj i*1jjJt SjIJj) 

cJ^j ojyjll <p-L*J li w_i-L i \ i ejl 11 ySj* ( W. ff.T^lj yii i ji>jJL ^CjJi) 

^jJt^LfedUi^ +r ^n r LJ USJl^LJll 

Jvu- ^TY.Y v«^U-* <^'TLi(j^JO 

jjJi ^»i !*•> <jjjll 4 >.LJl 1 < — jf ^.v?t^ j.( 1,V <j_j^jk|) 



* \ AX A *LJ LiJLJ \ j ■* }*i\* ^ ^ IT „ V \ jt-j j I^lJ \ 

a 1 j i- m- ^ >Li *." *£141 tLtf-l jJkJLi ^jjiI ^•■■ !■•••=■ 1 b\ .o^jiL>- 
Xl^TT ZA'tM lJjJ-1 l)j i-Ljjl! Ir-L-il j-« ^AY.a UyJii 

Jdli'fl ^*1—<Al Tj-* 

£uu ^ Mb4l jjjl ^kJ Uj jtiU Oljy-1 VUl J1 yJrl g£jdl .( vr } JydH 


juijjff ^ jsffl iLjji-l ^jjl ^jjl 


TAA P n 


X a^uii I fc-ULi ^ a^uJ^ 


w,ir n h ro rx P YY 


ii,U r.-sT ^oA i,Aff * P TA 


TA,TI 1,TA ^ r A M & ‘,A* 


TU r ^A 

* < VA 


*,V 




tv,w rr P n imi ivn h,y 

\n p ^ tv, tv M h vv u,Ar 


«, %r tmv 


WVM VI V* « P A^ ^ A h T A Wl t U 



VT,A& TT,nT T r M tV ? A& T P T* 


’TjVl A,*\ .,*V ■>■ b T <\\,t T T ? tA 


\ ■ i P °Li V^V A h rv A V* AM* n r AA b r TV 


\m F n TT,*T m T *r iV,"lA MA,£t T‘ r T‘* h^u 


^ J^LvJI ^-lj^Ji jI-LpcJI i ■■Lflp-^ l i_j ioLas^Ji ol^ 1 !jjJl ljh[ ■= *UUj- it I Jjljj ^ k 


































































n 

Jwtij * Ja-JLli’w ^ jJ'i ^LJzJ juA o-Lll JLwl>^J Ji JjjJL>-I oLliJl *>1 ^ A*J* 

-L*±J L?jJ' £-* CJ^t ^J1 L_JJl iwJUsd 1 ! 

UjLiJ JJ> LlL»i — j-*j l 5jJl l 3j-lal CjljLJaXJl Jl>-\ Jsji^JU |^^Uai 

■H 

i^jJ^Us; C^A-L ^1 * jrt .11 EUj I^JI iJj-JlJl ^j-n ^1*11 JL*Jj- ' Ji 

ijl ^LaVi jl V| t aJLLJj oLJi .i j t, j ^-1 jj^ir^JLj .JoJLdL 

C?jJJ-1 /j-* oU^whJI ^ j Iju JaJs^Jli ^ 

- + - 

o L Xa^.* J 1 ijLflJ- j a t Lol A^l^LwmI (jP^ull 

j isJLjJU <jjji^ i^l**J!.1 i)\ 4-j.*->.iijJ1 olJ’Udj-Vi Juijj '^111 Oj^ll jy 3 - 

fU jbsu ivr^ ji^mt jiisu in^ojjijisXJi 

^j. "| jj| J ji 4,. r|i "^ - ■ l Wir l W| .|. H ij^ l la «yJ . H-.! I f *l l'J I j-^ l Jl-5'v*a r il I 

.*1j**kS-l ( jiuuj 

.^JLt- ^jJ i aLy '1 C*-£ In ■ 5 'tILj ^UsJ Lsl 

■■ *UJ .J^Jlij Jl 4=5 JLflJ J Ja*I^Jl w-*[Ul C-^ V 0“ T G 

,3^LJ.L |_JjJi *U* J JL_ijJJ MAidl Jjjjl J <4jJa^ ^ JjJii (JJu.’ J 

1* 

J ■*Jj>-^J 1= '^~ 

,j-« Oj^ UJL^r l $J 

iJ|w^ ’'_j^^ J 1 ^ 1 0 ^ \^_^U ^ ^ 

Oli JL>- (jt ^j-U-j * L*ib jp^J Ult JJ^l J^UJI ! ^J Oj$^ 

A-L^lI J4J ^- jmJ ^J '.^ a 1 ^j|j^.i 1 J ■ ■•' -/~* ^ |^ jt-Q _£**** h . ^ rl * Juu ^ s ■h 1 I AJflJ *^f i ■ <1 |fT J t 

..111 j Jui^ii ^lUUj -U j^iVl ^ULi^-Vi 0 JL 4 , Jiii J 



Jfjr-Jl igj Jt dll! j>IJ j’r^vl StLiT (1 f £) 

a^Juli j j^Ji ^tssi (\,t,\) 

*_rtJ jjJ i jj L^Jn^t T- fl—JjjJ 1 ! jj J 0i^J>C_j.' J-Z. jJ 

J^Ul ^pp-o J ^A*U jJUall Jt 

JjjJLt) UU11 j ^LSjfl ^ ^ Jj^l Jj^il j£* (J 01 i50j! j 
lJJI 1 o* Jlj* f If * * o j iiOJ! J i*jjjLl _U ^LL lL^» .( M .^ij 

^-w-jS-LS! p-frJiJi ^Li^! j JjLjjJlj .^Jp t-J! ^Y* jJ^ 

i*L3 >* r JOJ ^Jl oUUVl j ^JUlj J^jJ! ^LkSJ I..jSJJ ^ 

^LSJ ( ^ j 0 ) J j*-L£- 1 tjjJ* 

o\ Jj*Al-1 [y 1 ^t£l Jjm*n ^JLjlSI ^jiw^n 

jjUW^L YA,n = = 

0 t£*/ t> t’l,AV = 3^1 jjbSU/^ ’IT* = 

M UJJ^l! c^r^\ 0,M) 

^*j ^kJh! Ji jjiaJl ^JU- J|^i*jJl jU*^V JJll! ol>-L^V! JU1*J 

jj Ji—ii ^ Ji-JiJj . O^J 1 ! j LIjL-JJI Ji J—*!j^ A j J|_fll j£* 

!j 0 * ^ * (JJi_ji C—3-jljJ L^-*3- fl-lli! 

<—iiU ) jjjl Ul, (Alazba ,2001) >£*li ^ * * * * * *-20 ) J^4-U 

— T « * • * 1 j^_i jJ—itiHJ i-JllI oL>-L»>-V' 3a _nrjX« CjJ ( * < 1 

j\ ~LJl J\ .L^JL. ^3J JL»jU ^jJISJL^w __ J^/ T f TO' ♦ * 





\ A 


(Abou- -LjtU * jJUN Jjj J 1 jJjiM aLJd oLS 

ifllfrJ.1 *Ul ol otyJI J T * Uj*& J^jU*£1 Khaleed «l a/, 1982) 

(Zaid, 2002) jXi U . '^ i jb^*/ ^ ^ A * * * ^jXfsD 

TYT* * ^d_*j (To 1 * *-^ Q ■ * 0 jJIjjLI \ * * 1 * -! o * ■ * qui (3 1 !j^Jl ^ 

o^/> 

jbiu/ r r rvrr* v ynii j j^ju j^i>ji jbs^ji*fc^ii^jtUpij 

ijl ^ ■/? T_i O—**- l ( V ^ ) J^jJLjLIj *Lll js-liS" ^ JlJb 

V ^J 1 ! i^LJl j jW sJ-^^ 0 ij l^Jiij LIjJlJI *Jtiad\ £-Ll*^J SeLiS* ^S\ 

►W* **bji 

Ja-wSst^Jl L...Ua^ 1 ^j j! jy,„ IF^Jj 

1-j . ^j . ;: !I ^JilL i£_$jt <J 4-^.Jij^ j-# oUU^ 

L|ji Ij * ^j$-\}\ (Jji* i3jiall a i-fc <3 jj£j 

O'! 3 -;.J.U aJaIj t Lj 4^j^i1 jhA flLJJ SjU-1 4i;Jl 

JjiXJi .jt~* cS tijl^LwwiJLS Ii ^a ^J L ijjijll ol^-LJH 0^ 

ajLjjl j. 

^aa II C^_£ JkJi^JL* jJI J '^kJ*' Jjjs ^j5^jl U 

/- &* ^jj* jifil ^1 J**oj sUil ^ Ijl?- 

oV l_^Jii * oUJIj- iJL^jJ 1 ! ij jj ilU> J(j iLJLl JJLt 

^jji cJfljb 4>jLi* JwJLdJ isjJw? (^jJ 11 

^ kj^ 








if* 

• 4 '^J*' •( V a ) fi> Jj*^' 


(Enkine *?f ffJf H IMIS) 


X 

jWb 

JjOJl 

X 

ju-lsi^h 


' t* 



^ * 

l.VH.frol 

(luSl 

',L 

*1 ,* * > 


n,« 

^ j ■? 3 ' 1 * 


*,r 

S A , * * ' 

iW 

\r 

A a V j» * i 


■ ,r 

^Y p 1 * - 

Jrf«l 

ir,r 

AT b i 1 * b 

Jj|H ip ft 

■,* 

n,»*A 



W * * * * 

Ol>V' 

■,* 

n f B ^ - 

M 


V‘,> * ‘ 


■,v 

10,400 

C-aj£fi 

i.x 

IT ■ ,* * ■ 

/>> 

■,\ 


VJ 

O 

t * ■»* * ■ 

B9 

■ * ' 

V T V* . 



TT ■, * * ■ 

O^JdwJl 1 

1 t \ 

■3 ^ U + . 


v>* 

YTA,in 

OUp 

1 > ^ 

r t vr\ 

gu 

V>\ 

U’ * ’ 

u 

' i ' 

TV* 

JL..<>) 

' >A 

\ T ^ m 


Y,1 



' )Y 

1 \* r * , 





¥ ,A 

* i ? ' * * 



Source FA O statistics 2003 r 













































































i t\*rrw irtfop 









j J&3 Jl •V’ 


XT 



JftgAw^ J>9>fc]l -(^ ,Aj 



■fcrfW 1 ^ J5AJ 1 4#J •('►') 





^ i ym —I 1 Ajf jaJ' i- ^Ul j Jf i 


vr 



Ja«Jl jW^I 4 /j -< M 


edi S-^ji (Y,©) 

^i»LU J S I JljJ\ jy*J 

¥ It 

1 & JLjJW*- j *1 0 J jJti jJ>jk <L%J-- J m A j * 3 . ^‘ULl A ■ I 

CJL? lii L**i jJj^ L^J^ ©Ljo 4_£rjJ *ijjw J XJjJ 1 ^^’J' 

oUUJU l-wJ jl <3 J>^*aJt jt ^j^S lI 

*-W Lv.S j ^ ^ U ^ h'.J- 1 1 ^aL j^ W* ^-_> ItaJjljJtLll ^j| 4 f 1 

■L Waj ! jkJh_j ^V* * t H j vj_ oyfcjt eJL& ji*j . vUI mbUI J^J 

„ ^5jJl *y* j j-" 

>* ^>5^ ^Jl jjl *L* *^y iJ *- ^ <yj 

t <JjjJ\ ^l^yi ( Ji* I ^ya\ j£- JJ <3^(9 V y e-LgJJ i^- S '■ 

^Jj^j-^J 1 ! JiJ3-jili Jjwj .i*A?iJl«il JJLjJp- i ^J^jjJl 1 ij 









liUj- pJj fl-Lll ^JU JiJwk^ 3 oU^Ssil ^yt 

^*La <^y ^1 ^li-J^AiJ 1 ! Jj^aiJI Jl 

eUil 4 *p- ^L,J C^-«J JU^ ^ „ \ ) 3^^ ^ p 'l ^ 0 £ 1 

' l^ 1 Ji 



^a.,jlfli l jdi 


f4j *£✓* ^ W e Ul v ^' J-** ^ •<*• i*-» <>,1> J£a* 


fHoi *jJ t* 


(Kichardii, 1954) 

























Yo 




. \ * * L|J ^Lj^S 3l J^»^^Jl A^aJ&iL* fL* oii dL* ” \ 

£lr* f*'k M ij* £jj^ j*Jw \Sj ‘(^/jj^jj^?* Ta * 

•Vj^' 

Vo 1 _Y o ■ IjJ - yi* jj-Lb oli — Y 

*L>I J ^ ^ i i ii &■ ^J-l j|Jl <| ^ i i i11 i j / 

. i>-^uJJ Aa^-vJ 1 ! oULJJ 

YYo« -Vo* ^ V >U -T 

h- <h-Jj| '|rt *1 ■ ^Mrkljl 'kj-'^yjj I 3 L%h 'l J ^ l -^J*l I I 'F^ ^T '|fl ' h ^ *■■ 4 I ■! / J|^4iJ|j5k* 

j.Lli*1 ijJJ^j. AjiLiJl aJUrLl ,^-^j^lj -Li-1 v*Jj^aJl Oli iwJjiil J L^lJjVL.,*j I 

j^n jiil L|J ^j^J!* vLj>■ lJk>- 4JU- i>-jJ> vuli aL* — i 

l j£j j i 4jjU l v«3jjkJl ^^JlS 4 ^-Lu* j^£- ^VLaJ j j i ^v / J _jaj j^- 0 Y Y 0 * 

* 

i SjiLiJi 2 Jus*- i-nj^J 1 ! 0 LoJLiEr i ^jjjis jy£x 

y * 

1^5 ^ ^ 1 Ju^“ J ^ L ■-^* ^vJ Lf" J *—J LvgJ^J Vi ■ ■ 

■v« 

I AmJ! '^iA.I J I jJ j .i^w J 1 JJ * J ^ ^ ^ 

+ i^1jJ 1 ^ diLll dJut ^ 

I* 

WJ^Jl ; .|hL^ -JLI ^ ^ i»jXA ‘■■-■i-.-.—.J »Xi * J\ ^ Lv^ Y 

I J loji ^uoUtLJ ' 1 

/S-VjjLl Sjj'uLJ 1 ! nJ^l j- ^1I^U^ uj jlfl J ^JLkl^Jjji 





u 

L*Jj-Uj ^ rt 1 * ^ ‘ijj-^* SV-L^ Ljl /j£Lf ■ 5*Jlfr flL* “T 

. <jJ£ yi ] y r ^ V^J ^ k_JJi£ 

* 

V) \S jJ' tjj* 1lj*V i-rfll* j^caJl J lJL>- 5JU- *L* -1 

c bu^u ^i oi 

(ds/in) ^ /JU—*J * ? V Jji Jw*.y f+S c>1i (JjJt flL* 

*lJJ jf -UUj .J^Utw* OjJO ij ^1 

.( \ jV ) JjJ^M j L*? j - -.^s> j>Ljt 

T ^ SAR i 1 *~ l . ■■ .7 ■■ *3 W“^ I L^ Vu ■ 

srUl ,j j^i cjLjp^-JJ UU* i£'j U L—^ 

X 1 j A- ) I 3 4j^JlU y- 

LiS" *-111 ■jm j t * ■ jL^-Vl (3 X>-Ij ^^Jl aLl <jCAj pJLp- 

.( ur- M)Jji4t^/ 


(Richards 1954) >*V L ^ w " M r^" -0 V ) 


tfjl V- 

(r” lirJ^> 

> 

A^jJd 1 


,h ]fl** ^ jJ 

r*'-1*' 



A_- J TJ J v' A*^£ ^51 1^jj llA 

Vin-Ta- 

il ■ jX* 

T 

*jzS' i*-jJu ^1 c^ULJ'1 i^ j5 i^— -L- 

^ > L y j- ^--ij^ J* £■ 



r 

•* jfryJ l^Ui Cj^Ls- ^ U ^ i r ^ l U* £& 

# 

. 3^H jLJj Ij^t w’LTuJl j h^j ji'il iy*- J 

xt». ^>r 

# 

ItX^e- ■* 

t 












YV 


> y* -j 1 s iC j U Ai ^ _yI <1?* 


-( Richards, 1954] .^Jll V-J lw »lll {*-*4? ,(1 ,A) J y&-\ 


4 ^ V'^UJl 

fjiJj-aii v-J 

i _pfl>jd l 

VjJi! >> 


[*■ J|L '•■ J| ■~ 1 ~ 1 jjJ '■ _ ■ -'■..•* 

> * — 


’l 

.f* 3 l«L j,Sl 

^ A — \ + 

ifl 

T 

v lS fjjJj-ri 1 l £U!Jl jJ-'ujwjI 

l*ijj.T . J lIjJI- I_j-_^Jl <“}j£J j[ W^=J Wjrfft 

m - 1 a 

c 5 ^* 

r 

^jU L* > 

n^jrr 

Ij* AWj> 

£ 


.( WilcDl, 195S ) V—J- iS }\ »U jt-«4T .( 1,4 ) 


4ita)1 ifr^aJCl 


jjVi 

S*«uM 

JB* 

■w^Uv* __ i-^r 

Wr_5jUf 



r*■ - 1 ■ ■ 

'■ ‘ j-* J*t 

fT* JLap ( K* 10 s ) 

1 J'rrt 

»- *,« 

‘i® O' J*’ 

( J fj» ) OjjjJ 

v* X 1 

V* - i * 

1. ^Jil 

( X ) f jufr^ 1 

'' l>* J*^ 

1 - - * 

<■ .>* JS ( 

( .^/[j* 1 ^ ) ■Ai rJ i_ji5^Jl 


K* 10 s = EC * 10 s y.Na = Na 

TSC 

(Poikcd, 1954) , jst/^lXo^lU (d- + V4 SO“4 ) *JWJ1 fe-jiU .( \, \ . ) Jj-IjM 


* A* oij 

JJa- 

r 

1 



& - f 

J» T 

k r - i T ^d l > iLU 

f 1 yLi 1 iuui* 


\ — e 



f'ljjSl 

^ jr^ 

* - Y 


4-J^p 

,*! jill 4i.i v 



































TfA 


rnregtw, 1969) .(RSf' J * jjji^oll OWjjjfj i^-jiLl v—*- »U l (H-* -{M V) JjJ^I 


y/.-yCyx. rsc 

<*■“•/EC * 10* 

Ut-kkH 

\ - yi*^ 

V* — yl^ 

\ 

V - 1 

T T ^- “ Y* 

X 


XV- • «>» jtfT 

T 


.(Row* And AbdAl-Magid, 1995 ) -<S j)' si* ^ iJjjjJl j-a»! 14 £_*•—i' 1t V ) Jj-li'l 


CJ Ij'uJ 1 4£ 

( yJUlJ 

l&l 


jJjjJU 

jLdUj- 

V * 4>* J**’ 


srr^jit 

ijlrf -V 

V - Ip" 

v,*r- ,1V 

-riv- -,rt 

a 

IV ■ -t,m 

y ? - - i,rr 

U-,iv 

L4 r-_»*■■‘-‘ 

r ( v®-r,.. 

Tr*' " V ' 

M*“ V ■ 

Uil/U- 

r ,v» *, yr 

— 




,( Tunji, 1990 } . J**UJU j*}\ Js- J,)\i tfj\ f U*s*l .( 1, 


O^LJl L-JlI ( f f/Jy ) JLjjjliSl jf jj 

T* Cr*j^ 

T * - 1 * 

\ * - * 

*^J* r 





OWI 


>UJI 

^v-n-y-L^ 

iXjr 

jM-i 

j-XUflJii 

f>>' 

ypbj'l 

r—J' 

^uL?Ljaift 

JyjJl 







































*jLajI JjJ J * i ^ Ll> ^L<-Ign—*a,1 1 ^ t n t ■ II * 

(Ml) JjjJr' (Ayers and Westcot, 1985) ^JH &L* ^ ^SJ jU!l 

ejUj i^UJ 1 ! J O-jlU jLx^V^ J 

j Jl* - L a ^ si utUJLSj ^^11 i^ 4-U j-jJ* 1 

■fJ^=-i' J J ^JJ.^ J ^Lr 1 ' J -ku^ 

+ (Ayers Add Wertcat, 1385) l-v-^ ^ jJl 4\g* tej*r +j)** >{ ^ H) J>1^1 














































W-M- j >ji jJ-i * V «>*■ 


r* 

.(VU) gl? 


( ■C^lJ^I ^jip jfj? ) iikis o-’l/pt 

r. < 

r ■ _ o 

0 > 

^/r'W 1 - 

( NO'j - N > 

A, a < 

A,® — 1,® 


^ / r 1 ^ 

'ZAiji^a 

( HC0r 3 ) 

( A p 1 _ *1 h 0 ^| 

( pH ) ,Pj 


J 11V i l_i jjJJLS" 4jm Lrfj ^ Ij^jL I ^JL- i ^t- — ^ 

f— ^ jf ^ Jr*-^ J ^Lll ^LS y<j +MJ / EC " 

■js] / *!jj^-lL ^!o>^ SJ1HI U£Jl ^ IDS U ° t d x* 

ijlfl SAB. Jj J .^0 -j-^-j -Rn. *1 ■ ^ fcl ^ ^-j^o j ■ ^ H 4. .S-SI SAR “1*" 

,( Osier and Sebjocr ? L979 K Riwadcs, 1377 } jbji yj-Jl 

. . jc-Ij l jjA^^j j ■■ j ./j LI * - '■'■^-1 i^IjUj'ij ■■■!! ^JLpI j- 3 ---!- 1 ^ jJU ~t 

Ij* flJii-Lji .I-L*=w jJ> liULJl 

■*tui j* aiyjf ^u 1 *, (jijjVi 
{Ayers and Wasted, 19B5) w*l^. JjlJ^I J] £_j^jJL jSU “ D 
ijS j^w j i *J I vO^ 1 J_A^b (, NH 4 N ) ^jum{ NO 3 N ) “ ^ 

,/J l'l L < J . .-3 V tt'i^A aU ■ ..I 

i^i) c ^\-\ 

1 oU^lf l j-t SiUr ^ *Ul J. iJljjl g-^LVi 

|_| i.Jl , l_C r Ji i i«j l—J L*I _jl W- 1 ■W^'Ljj^)! t—^ > ^.1^* 1^ 

^=^L*Vl O^* J"hLJ *L* jJJj 5jS? *i 11 aJps^JI 

«-l_L*i ^ y^J* 0 L& <jU- 1 ji iJ - ■i-^Lj-J-S 

j: pfljJ ij j*? jp Jl UJSi L yuJtffj .Uib j* Sjb- 













> y* -J 1 1^ Lji _yI olj* 


in 


Ji </ W Jtr^- 1 ' J, Jj V/ 3 ' 

JJ^tj .jUa^Vl i?jJLw <_£^JLj- _jj^jVl J ^-^oVl ^Jsk jS jl y*-££ 

" ^Ju Li j Lit ^ 1 J t£_/^-5 *li1 J U>- ^JUt? 

l >J jLI 1 . J. .*. '1 jkjLL* * 

^jjl *Li jL+iluJ Jit K^JJ^ ^jjl ^JUl] 1 ! * 

,otJl *JU^o jjLSI *U J i^jJlil j *?j * 

(EC) * J«w^jiJ l o 1(jjjhJ ^ j If \ ^*5*y 

.nunha/cm /jj-*JJL* j\ irniho/cm ^ /j^-jjSL* u*j ElcetricaJ conductivity 

^yLju^ll ji)l l S-T. Units J-LL LaJI a^LjUI * L ihL_j 

: dH jJ Lw 

l_*_£j decimens/m ^ / .> j! i Siemens/nieter (s/m) ^ _— 

: ijl 


ds/m x icr 3 x S/cm = iimha/cm 
S/m = 10 nmiho/ciD 


^j j . i - iJi -aL <j S ij ■- ,■ > ] I p j^y — Y 

SAR i^jjk iLo 0} 

= *»d^ 

( U ).SAR = [Na + ]/[Ca 2+ + Mg 2+ ] (t ' 5 

jiJ /lJ^*^ 11 Li <j^ cjLjjSU ^IjjVl Jjj <* 11^- 

: O^i meq/L l ^ilSL+JU^L oUj_7l£)l^»f^7 ^5 O-jl? li) Lol mmol liter" 1 

( u )..SAR = Na7[(Ca 2+ + M g^lf 5 






TV 


J—■*Ol <j> V"^' J-^*- 1 ' .J* iSj^ <4 

|g»- jj ■ ■ -i ‘LiLl y^Lvu .U—jLLwI ^ ■•' 1 | b_i->' jr* S - LfcJ ^Jj| u U .-Ll jJ 1 L-.- 1 ■-■■■■-'> - 

S-UlJ lid" ■£ ^ Ju 'j *f_J UJ 1 *-kr Jl 1 ^lJ'I L^iJl 

jjS'l !jJ I *La j ^ J1 ■ vl 1 15 1 i I j . uUI l wJj| JH-C h_i mllj Li y' \ * 

j^JaJl j_aJ 1 4 j^Ld-*J>l Jl LJJj 

A.jw+i* L^olj L* litj LmaIjJ oL-JLl ul*L^-"! ijijH 4 -^ L-UJLj J-LaJlj 

^Lq^. 1^1 ^ pj*>**M ^ ^ 

* 

. L#_JL*; ij l_j jijil ^M .-> i d l jjjLil yL ^jLj aJJJ oj 4^Jl j i^Lj^Jul jLfr 

OU^jS^Jij -iUjjjSJl L#& tLJJ -r 

ul -lis .oLJL ljjL^ oL^jVI «aJjl j~-*± 

i^j-^~ V1 ( J« f jL^i i j_a JjhjJL ^-LsJI jLsn— iV LL*Ll y* 

.(Eaton, F, M l 950) 

h_y*& £j\^y —i 

4-J jpiiHj l Jk ^ I L_J |J—■rt* l ■;■*** ^ ^ ! £ L..tt <k__J j^Lo 

L_m-H ^nrMteJ i ^j! U. .^Jbh I I M l tjL jj i . 4j J if? ^ L_r l W.S jpJ |jjj l| 1 lj| J^lpj*- Jl 

Ls-^Ltf J l| -^r 4jta ' 1 VJ iT jlj J^fj l J 

‘iJlj UlXscJ Vl t£j-^ *1-* J- y jlj jl ^ 11 

J-^ 1 ^ 4^jJj-h oljjXMj 5^1] ^j-J-1 ^UiJl L_tljk>l Jl Lliji 

.t^jl_U™l!l a-Lt, JwJL- |^aLd O j£j jl J ,,'rt .L 1 ij .jn^j-^-jJ*> 

4jOU^ ^y —* 

JL*i l J iSj^ j. J^UJ^ 1 JL* 

lt...J.:.-J l ^kwJL^Ij L ->-ySj OjjJa^ 

Li ^i\ Li'ut jJtL^ jjLl *J ai LSJLJ-l j 1 !^11 j -j^j ot tL*>- 





rr 

j-lji *L!.1 ol ^jjl j j^jJU iJjJ 1 ! ^ kJJij t { 

jjJUl oUJ i3j>J <p^Jl SJUf i^j5v J ■* - aJLa^ 

ojjJJ^ jlj-U oUljiJI ,j-Lt a^jX? ( aj^J! *Ul a^.>La JJLa J} 

\jLfr OLi l)Jljk* ] j H b ^JlC-1 *Lll AjL-^1 iJ^La* ij^So L*JJjiji . AaLaI 1 ! 

LhOJ in J1 ij 1 !*!Jpi"*1 | j w 4 A^UJl ;,Lj ^]LJIjji ss-li^ £*j£ 

,i^JL5 oi^.Ij *L-JJ JUaJ /y# 

UU& Lr i& iijljJI aJUaJI j1 JjA y* aJU- a™J *Ul 

- 1 J —- n - 1 I *■■_ ■ J| ^ ^-Ohi \j_fr ojl ^* - ' ? ■ ^ ■ 1 !-_■ ^-' l ^| ' J 4^0 I | yqj±U 

* 

i JJLLL ^-Lfr LjSLjISL# (o LVi i ^U ) oL**Ii 

<hJL(J i*JLJl SjbVl ij jjff iUtlj iS j-^' i3 A-i-fJ j dJJ.ij_j 

.*kjlu 

4^jjiSJl ^1 

a-L-jill -L_?“ijJ jj j >“ ajjL^j Vl jpVi * i jL>ol ^ 

j L?j-i£-J! L j»* ^ >^ji-t-jll Jj ^■j»^_w«1 | i jJaJI oi j >3 

t(M^) Jj-^A-I 1 lI J* L?^ *b 


( f^ ' V »U ij tjr£j! Jjrlj? *j*>- -{V1 *) J 


A*J jil ji“i 


jjSlt 


J*' * */' **»*'' 

f Q T * ^ iTotal t^cteha ^J L 

J*' ' + />» 


Faccial ffllitwmg 

' ' + / 


f^Vfl -Up 6 j-Uj. 1 ' Entcr^owi ^ 


u£>*i j *S^ ^W 4 u^Ls^ J s^r j^J l^- *W^ oL-ljj 


4^Ul\ j J^jjkl J-t |j i iS <i- ! UaJ l l aUL 1 ! ^ oU^S dJJi 








rt 


J^-iK-b ,i U*iA j" 'l ^-i-w^l t a L~*JJ JjLjJ'i jj ^ ("■■ ir^U LflJUP- jj ^ JJj. 

L-iJJj Jh^ Jj- 4 *?Aj f^Ull J ^MfLiri IwJLU* 

^JLl w«>- j^o ^jji *1^4 ^- Lwa — " j t-jL^Vl j oLtdljjJi ,j_* 

i>* 4^*jJL" tfj Jl sL** So^>- h4-wJiJ jJLt- oLwp'ijjJ 1 . ; J—i ^ rt ♦ ■ LUJL^JX^J 

j.' «... i^-uh^j ^ji j-^LjJi 'j |1! i !_*»£j 4 *i£ji ^yu^j\ 

.oLJJ 

Jjlj-U ^ L 4*-i LsjJJ jAJI iLjjp»JI 4^JL*il 

4 » ■■ ■.■■■ J ! jk^>- U -i rt^ c lJlI A * ^ ^ .-La-j- ? 4boJL^> 

oUiifl ^ L §4 iikil 5 JuJl s __ l^jS J 1 *=^ j ^ik£ jl\ Wliji 

^jjl $[^a ] j&J& iiSw^* JJ ijjJU J^V®' iS ^ jV^ 

eLAU 4^aJ>JJ k^Jjt wUJJ .aS^JLL 4*p1j^JI L ji?Ul l l r *la^ J Lg^p jfl 

j jJ- 1 j *L*ll flJL* 4 % r * ^JLJ L^> ^JU- /j-" jljJL 4-w*aI 

^JaLj ^J1 S-jU 1 i^L-u-J 1 ! £-^j ^A JL*^ ^-La ^3 aJjJUL^ J-# J 

J -■Li’Ull ^^aJI ij^vaJl *U* SijLf-j j LJjJM <j\_X\ o^UaX^ 

• lwfc¥ L* .k U ^ JL I L—rO^^l 

oLJlI ■i-njs -jlj j ^L^*i ij jJ'■ y.rt *■; JLl'iJ-li ^ 

, 4 !^^.^ OjL^1j.JJ1 a -ijb ^JLxj 4^JUJ,1 |J. J LoJL>tI-m 

jAAf 4^.1 l !ji? ^jigLAJ J ^jj 1 4 L-,4 JJ OL^jJjdl J 

In ' I | ^,-43' ,^^iU Js 4--r>.L l^- 1 jwkV Lm i_Ji J—' pLaj! l fc J**-i^ LJ ^ 

4jyi ) j <-t l ljlJ j^irll* tj: ^^Jl 1 (3 ini 

j: 4 in., u yjf Jl J 4 l^.^JLL) Lilt 4 LU J-La 4 ^J^ ,r ^J ! 



To 


injIjjJ 11 A^JUll ^ fl V* 


k ^'-bo^ 0-* i Sy^- J j^->-5-1 V—* 

^jaJ/s pj£ |hJl t aJLfcj A, t - l,t O^s-jlpH ^_£ UJ (RSC) iJudl j«aJl 

* 
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ii^l ji ^ Ojj!i<M.») 

* H 

eoLt Lji-b Sjlil ^w*>j 

j** La <SjH ^P^Jl H ( W44J ^f* 1 ^" ^ f ^ 

£ili£ JL*^jJj L( jf-yJl *lil JLJIjj s-llli lilil iiliS* 

Jwj^i UjjJ ^ * j\ ^l 1 <>-ji £*y *j1jJ-' u5 i t jIjhII v^JLtl 

Jj fij'J,i 3jl jS»- ^a^>r 

*li1 *1 ±LwmIj jli^ll Lr U j S0*Ujl *ik* jJa^Jj 

.( T,i jsksji) f Sjl>1 Ji? 



W-M- j >ji jJ-i * V «>*■ 


o * 

*m liliS* 01 (t,t) la^^ta 

«>jjuj ^ *jl|^-1 ^j*SJ ji jiaikJj /***/ 

o 

*lU OU^j^- JffLjjl JUljJ Jl *i Sjlji-1 ( _ r C5 l Uji l b iiU5Jl ( _ r c3li^1 k^™* 

H 

*Ul JaJIj jJlxJLj tl*Ujji4 *3-^jlA* Ji^ij Ilf 

H> 

sjjJ ^111 ^*^3^ 0|L* ^ i ^ *j \^LdJjl J-it L*I J-2Jj jj£ l 

^Ulj Ul J> oUiji-1 Jxsci i^fj-jj-kfJ' Jajlj^l l. |} . ?r -,-..; JJJj 3-U^U ISy~ 

►111 *itt£ Lf l* 01IjJja ^jUix* ^rJuoU- iILl* ^Jli ^kJLj rUk^l *111 <jU^ Ji; 
■wUJU 4jLilj SlojjjJI jIjLu L^j *j1^“1 

a 

4*1*^JL^J l aLjII jJl jJl iJ^£j p t X^jJ 0^ ^illaJl jjJLc- JLhZjJ 

JaA^ IXjJ 4*wJj 4«^&-jijJ^JI JbljjJL .JiflAj ijJ^i^ ^1^>- -^U*Jl _^* 

j objJ-l j&o* z*\j) Jl U ^ 

a 

iliji oLbjjLl (Vjiu 4iL«li 0»S ;»i ^jt- 3jl ji- 1 - ^»-jJ jjLj^j L*1 i * t>Tjv) 3vL>-j 

49u till flili? 3a.-Tj lijijjf-j^JLjJl JajljjJ 1 . jjj a fril\ li 1 —-H Ji-L £ * 


.dJUJLS 



. <41 aiW' Jp ij»>1 brji jfi .(T r t)jSLiJl 










*Uj 





-j/* Jaj-J 5 jUjJ jhj<£ of lLUJj ^mbIjj 

J5LU1) Ljji; ^V*A .,rij *UJ ^ 0l> 

Ji* ojUl jtldl j j'j^Vl J*->u Jt ^Jj Ji *Ul ®->^jj ‘(T.t 

sjUJLi j^Jkl i_sL^v jJUUil sJa <3 4r "' *4^ **£ (OLa^-Ij ^i UVi 

. t UL L ^-ji j- i j t^il ^jVt * j 

ijV ) Ia_di ^U...__U -=-'i_L^ oUb wm^L 1 4.JL5J-4 * J _| 1 j, 

ijtj-^1 *-^0 O^J ^4 ijl ^ <^rj* JU& ^j-dl i-iliff JJ1 *LLl 

Jt_sJ jJ ia_*-yj dJJi_Ij _15 j^J^I ^ i 0^_* ^_ bki\ ,J 

JUJLJ1 j^JU Qfc-kai *) *ULl oLi^lj jL^Jl inLjr*>- 

■(JLT+Ij 

IjUj o’lj ►H’i iiW j**** 

*U <^jUjC ( Y ? Y) JjjJM jk?-^ 0^ 







j jn>j «>*• 


oY 

(Hillel, 1*71) -tW J* jfj jfr •{ Y ,Y ) (*J) Jj4*-' 


< ft r ;*— 1 p* ) 


b. 

>«• 

<1 

* 

\ 

v * m 

T 


r 

V - ANA 

t 

| S *UTY 

r* 


<*J>J'<Y»M) 

■ w -. - H i ^iji jjlji oUj^ i^ i_i ja! 

jt (ki>,^»u/Poise o1J^_^> ajkj^jUI *Sj^j 

.( Y,r JjjO-l) SjIjJ- 1 i*.jj JU- -Ill VjjJ ^ijSj ( ^/di .^b ) 


-(Hillel, 1*71) -4?jjUl *S-Jd .( Y ,r ) J>4*1 


{ ) fc-jjAJl 



>* 

1 J * I h fa L> 

Y ‘ 


a h 

*,* * YAt 

\ • - 


yf^'/>*0M,V) 

J] -Hi | w' ^ ~ -Hi ^-**1 • ■*•■*1 *h j-* <-LaJJ 

O^iJl jJji5l ^'di* Jj^oj ^svk—Jl jJj^I i»w i^Jl 















4j-L wjLjJU l j^ h £j *+\lS 

0-«X4d ^j^JI -l$JU ^ j?*£j i-^-J- j£l 

T ^^jVl OiJL>-j jl ij^lj i^j 1%^-_^ jj^Lij ■■■ Hj Ol^^i=1 ijrjj ijq^Jtl 1 ! 

qw ^ili-1 L^jJiJ\ (JJIjj ,*JL£- Jj | j*i Irt m.H Jjjujj 

^ji iL ^Ifr ijjA-li 1 ! ^L^ULl . + \\} OjlS^jp* wJb*- ^3 ^j}-^ Oj£j 

olij-^j *IU oUj^j>- gju Adhesion dJu^UxSl ^jij Cohesion JUsJV 1 ! 
" * * * 

Ols L ^s^>- j 1 *vjaaj Lj,aJm L_^l ajjaJiJ! .^JLaJ^ 

H J 

j^ rl ■ ■■ I 2*jJW *!j|J1j ^LwJ^ L*i 1ft ■ II I_I^Vl jit 1 - ^i I !i * .,rt_i c-lli 

. ( T, 0 JSLlSI )* Meniscus J LdJ#V l 



, »ui ^yjji ^jjVi >i jfc.{ if,* > j£^Ji 


J^-1j »ULl ^Lijji ^lj Ld^" jJaJ tdS -Cj 1 sl*-V^ 

^J- (jjljJ illjLft djj^J Vi *Hi *JjJldJ1 -w^'J-L <^^rjV^ 







'nijU J 


jf JW* 11 • J*-V 5S^' Sj^b 


5 4bUll 


( *,\ ).F = 2/ri' cCos# 


: aJ^IaIL j**jj *UU Ojj (_jjL*J ^LimV ^_yih_j 


<*> T ). '"?&*« = *r 2 h P„g 


O ^j* j- it L^i_j jbjt—Jf ^^iJl jli 5Jl^ jj 


;5JU 


( T t V ).2 jt r a Cos 9 = n r 2 h p w g 

2 a Cos,9 = rhp w g 
, 2erCw.i? 


;.h = 


r P» S 


( T,t ). 


.U^iJ 1 ' <j till S ^lojl = /s 

. J ^k5l tlr’ljj*- ^j Sj j Ajlil jl .aLmI- ^Ja# > i ,-*» = r 

► / j4p^ f^'A' 

■ i £ ^l^o O o3 


/’.ff' 


r ^*—u /j*j>-\ till ajUSj T >i> /^>- V0 ^-wU.-.U jjjxll it JLfr_j 

: (h) i»-5 ill ^uti /^4 mi 1 • * * 


<uiU-lj 





00 


*l!l Jfr- 


2 x 75 

1 x 1000 x r 


( V>* ).h = 


ISO 

1000 x r 


= 0.15/r cm 


: F JaJLilL; (h) 0l 

; &U11 £w*Jj P = p w g h 

. r =2 </ 

•j'j* - ' isrjO (T, \ ,A) 

fl-jjAnJail ^JL^I l jlj-^1 o\ 

n, ■ " jiJ Lfj ^Jt? J *UJ J oL^Ull 

^ —I ^ 0 1 ■ ■ ^ t ^ J 1 ^ 

Uf 4 _j^ jJ-l kljLL^i j_j jf i^LvaJl oMja-JJl j 

■ L* ( ^ 'i ^ \ i -L^js-1) &IJl 1 j 4^jj J k J J^ *—*\ jJj-* 

kJltrl^qJ 2jljJ- 1 ! oUj 0^ j} i A*J aJL+JsJI O^U'Udl SjUj (! 

■ f ^ * J^i oL^l^il o^htliJ o^hUj 

.■Lw-Jl*Ul ,j£>w*»£"V Si J o'Ud-A' (w -j 

,-Ll^jljJ^ JLjUjJ oU^aj 
“Ui-I ,^^^-*5^!! SjIjj 0 
.oUdlj JSldl oV^m SjIjj (.* 

V>^-Hk9 .4^jlil ^JLwjl |J JUl iybJi jljjJl! <jUl1 luIJjISL’I ■i^mL^>- ejUj ( * 

J ju-L-w 0-1 i-JUJl #jl5^-jJ L*£ * o!Ava^ 

,i>j.Lil jL* oULil*j bj&j* j^JJl ivlil oULJ^ 




'nijU J «>n- 


an 

^jJail a-SLj (j 

i^' ^rj- 4 i^k 4 - *■*' »: fj^U' *>*>J' 

.ftJSfJl jlf>- Ifel* J-jj 

lj»fcll<Y,M) 

, *Li1 ^3^ i^ 1 * ^ jkJJ s^L£*Ji 

j-*j < s^LSU)l ,jJ^ l#^ ^ 

;{^)M-0 l ) J^lj^Jh aJL* ^1 

t 0j .-^ -'i JSLij * 

. kuL**J-1 JfJj- * 

xSjl^jJt ^ lJ ij* * j-ill 4s *-jj JjJp 9 

jW*- {yj o *\>*" * 

f*U'(TO.^) 

^ W h *i ,j^l — J ’^j — ^ ^ P ^ ^ ^ ^ 

UCj ^ ♦kti J j i I g ■ .»LS l. ■ ♦ .^ j K jt^1 jJ-'i ,j_* 4^1 jJ'ij jj .iill^ m 

L* <_^J AjlJll ^Jlj-lJ 1 ! *1jS*- ^ 

^aJJJ JllUj .£^^4 *a J»ij^o sLUUa i)\j >*LJU 

jljJjj i .J^jJ-lj i jfc^JLJIj + k^J^Jlj (Jijj^l 1 ! J^jaSIj i lSj^aJ^ 

i JLjjJ-^j i 4-JkJJl ?- Vi_J *4 1 ^ * ra il ^—JuL 1 ! J ^ ^ -'^Jh-*JJ iJLJLn_* , <A^i_l'i 

•X^JjS J-t* 4 j J „W . n1 l | J^j-ll .JJ^ 1 C-*ljL»Jlj tCjlJUjjJ^J'lj i j»;JjmiLU 

iw-JUUqJH JJU S—Vr^- 1 ! O-L^'ISJ 1 ! J—Cj^jLU^ dJL* ^ ^ry>-j>j 

. ( i-U>f ) L^Ulj 



*Uj 


GV 

j-hf Lfcj *0^ ^iJ^I *L«JJ Ju^M jJu^il UJIj 

! i/^' 

i ^U_Q.*H ^ ^‘ J Jwl^ 0 

.UiJJt SJ-l o^iaij ^JULJi JU (^ 

JwL^'j JuJU-J 1 !^ C-j 1—,-Jj^lj wJ v*V \ JtaJt# (^ 

!?4_* ^uiul ^J 1 ! dL^fl £_* LfJ 0j5j Uo SjIp <^j5Jl j^l jjJl ijt 

Jsbi-jlji jJ j iLoJ-l UjJ ■ou ^ Ic ^ l ij_*yj l l 4™t1 vL«j- <^ui^u> 

jlir 

: j^LaLI ^yo sLJLl j o-lo 

j.'ia-J^V^ t31jjt JJu j^jll ^lk>- oUU^ JJu V 1 ^* jjLa* * 

.Peat ujUI^JlI i^-iS-l j 

.^L^ ■ ■■■ \ I Ji# 4^£rli*^ jjL^lA * 

*sjjdJ slJ.1 * 

frlUj ob^bl -hUJaJI ^ AyJaJ I eUll ,3 0} 

Juw^ 1 Jjl* A ~^i^ olijj;! pULI (j .J u^J V ^ i hu 

JLjJIj UjJy 1 jl ,yjl u^UOjt^Jli Ju«5lj UjpLJI) J^JuM 

^bilj itlw* J^U Lp-Lwil’i o'ibvwJ’iji 

jijSbJlj 





&A 

luii ^41 (Y,Mr> 

Jw*£- ^Ufr ^JLlil ^Jl^J 1 J'jll lLUj I^jL; -A ■ j ,/tH j'^il l3jAJ 

* p' * * ~ \ * r **■>> 

; Jj ci^aJi ^1I^L 1 ! j 

,j/t yj 4j j .,h *\\ jj- ^-^LnVi Oj£S oi-ftj JJf 4, i J , nflj l ^1 

^J\ .Ut 0\ ,ULI j LjJmH jlj-JJ o1>£>1* 

tiJULjx^Al jJ Vj Jpl Jj-j L,J 4_JlJUl iJLd^ j'ljll ja iJU- uL5 

^^■<1 J^J fa fr j A j ^ ^ J , ^ a ‘ ^ 1^0 ■ * 1 ! ^.■.fa'-'—‘ l £* 4—■' 1 J L—-JL ^ ■ L '■ b ~i wV 

. nJ^'Lt- !■ /tl ■ 

^ L *1 ^ 1 jJl *JL* o j-fc *UJU :5—5JWi iJU—!i ifj—Li (w 

J <1 j_Uj oL^JI n-J'—jf ^JLn ^Jji ^ Uj-Sv |*1 ijjJ'ljii ^Jail L* £• 

H j- 1 IjH-ll L^jL *LJL! ijJ 1 il^ji 1 1 _lUJjtf *_^ H 

■>!>■* ^j-U i-pjU-1 J^-^- ^ £^4/JV l$LaJ jSx 

jlJ_ 4 Jj j 1 j_J^l ji*L^ L-^IIj 4 _jJ fcp yijyJ- 5-JJU- ^. JL . /ff 

j 14 *£I Lu. ^ 4 ^ j!I jJt : 4* Wlj 5S*UJ' 4 1 (£ 

J! Wkl* ->^4' i3/£ .4?x>-Vl ^ J 

lLUjj i j*o 0 - + ^J 1 Lfr %J ^ j 0_^j5L51 

■kr^ L * i] jjU*j"j JJ^ ^ 

SJA^ 1 jl ^L"J1 ^ j ^ sl 4 : ^ l| ^ (* 

■■ V ^ ^ 



*Uj 


*UlJ VW3i 

i kJi^- Jt-£ 1 

(pH) fljl'OM.1) 

•W* U-^ ^J^LJ ' i- r'W^* >*■ >* 

.JbUil fj->^1 j -t^J^' <“^*J V 

( *,V ).pH — — log| h + ] — log(1 /1II + 

J * 

f*A^' = iP ff 

<J_^ y£y “ [H 1 

(-ij o-US J^UxJ* >- ^ *>+1 Ji ^ 

.pH ■XhaJ 'i 

Electrical Conductivity (EC) J^js)' (Y, T, Y ) 

LO^k* yj}'^ r t^' Jr^y 5 - Oi/k *Wj <-L*^' tj-L* jfe 

*XAl J. ^jfrO 4 •/? H £>jJ <S^>- (NaCI) 

L^jUiJ JL-JifiJI J] wUj_ji^Jl iJ^jl L«J^ iwJLwJ 1 ! 

: CJ\ ^JLJ1 Ohm 

(*yA) ..I-E/R 

cJj^l JL£>-1 = E 

J _,i w !l J< fll J Ul-I 

fjt *"* .*''*' ” R 





(3 J*j {f J* oV ijyr 


Y> 

1 i»jL2H ^jS- jJU« 

(M)..R = ad/A 

" ^ --^. 

r s_Aki^l = A 

L (^—f) ijo 4jL»ll = d 

J^jJU SjU j i^jUl 1 ! wJy = a 

J^aiVl y* *JLtj L p^ikj m jliil l>U *Ud ^-^UVi SjU^j 

L^JLa ^j-LLj ^lJI j i^jljJl j e^Ljfil ^ 3 3->\jjJ^ il^Li-j 

■(*-/ i#jUl\ Js^j=N 

(T f \ *)..***-■***.*,EC = 1/a (1/ohm.cm) = mho cm 

i jJUl ItaUlU FJectrical Conductivity (EC) J^pjd-1 y* ^)b]U 

EC = (WlA 

L J_S_C V^+ ■ <■ ^ \J1wh_J Ud-jl 'i-j’i-C \ CmJ lj iJP gil Jj'wwlljt 

OwIj -0-1^ . L? OjIj JaJ^ji Sjj’jlj 4JLt j, jLaj-V 1 ! a-L ^j 

^Ul(K)U^ J£ 

(*,n> ■■-.-......K = A/d 

V**i j^onm,') 

EC j R -uajUll _y iiwaJ 

ii^ ■ i^ KCi ,aj, Miijj^Jl wUj-^Ji" ^ *■ fl 1 -irt^i ji LjL£ S y*.--%.°>- 

^J. OojL-j ^JLa? l*£ ( * T C s_jl^ r & J ^Jj IJl^- fljjii ilT * Cl . IC j£- #Sr j**! 

+ (T,i JjjJL0^U)i 





*U>I 'jM j*- 


. (Richards, ]W4> f t * X* KCI f Jb-W.*)' •kiJ^ Jj«t' C^ljJ ,(T, 1) J>*M 


r~hyx/* ec 

>J/Jr kci j/y 

UVp. 

-.•o 

v\v 7 a 

i ^ a ■ 4 

s nr,A 

',*1 

TV*lV r * 

•,*'f 

vnA r - 


^ T^'l-p 1 



4 J 5 -^>jiH IWa* 


(M*).K = A/d = EC S R» 

4_*jIa11 Rj, < { . < —■ ■/JiJ_4m 1!U ) EC S l 

Sjf0 |SJ1 Jw>jdt oli JUJLj.( r jf JL.) ^LSJ\ J^JUwJj i-Ull 

: K iJiLl OjIj j ^uil R ^-fi ^ l LL* 

(X,\r>. EC = K — 

R 

**j> <M,M> 

JljJj £jlj-J- 1 ! oL^-jJ J SjLj JpJ jt* V" 0 ^ 0 Ol^jJ (Jj,L^l ■C>j F il| 

ijjJii ^ A &J 1j-?- <-?-jj jul*j j Y j l jiJLc 

' * x 1 . * (J\ Ja—*.^' £-*jr* f*—- , ^i ^«j^ * T ' * * *,A1T <£jl—-i <t? -iL^ 

0 jjaJvU 

JL>-j|[ *“?*- ^LJJ (jU- *>■>> yj^ji 

! ^ ■ h^T t a Y 0 Jilt UJ JfjJLcJ (ft) Sj.'ljJ-l jJ 













1 Y 

(X,\ i).. EC 2 s = ECtX f, 

^ US ( Richards, 1954) <Y,0 JjJLjU ^ <> J^U 

; aJ^IaLU ECjj ^*5* ^ 

(X , \ *).EC 25 = EC t - 0.02 (T -25) EC T 

c-fij = T 

^ f ‘- ^■ l ■ ' ■' ||1 k—J^J 1 I j ■ lir^ IjpAA J JmO^I l _JT' ^ ^ ** Et^'J 

. 0 Te JU* 

.j^LUi lJ \j2- h *-jJ JlL£- = EC t 

* * a fjlA 1 J JT* 11 ' = 5 

(TDS) JJl* OlxJJt^uC i>-jii1 JT*t /j£yJ 

*Ju?Jj £ju*-jJ 11 jl <^-*>-j-j jl ^J/^|IfljlJb -jj 

M JUr t\l!<T,T,r> 

jtjUl ilil AJjJJ jjb *ULJ Ajj-L^I ^1 

jUwVl /y* *JU-j ijuJaJl *Ul * o1_)UJlj 

lA™S^1 ^?Uj -Lb l 

jLSa^V^ a\** X—jIS'I ASL^^rU 

: aJIiI 1 ! obter l Lal] l l jp£ L*£ a-wo+J- 1 . ^Ua-oS? 1 O^ 




2N0 + 0 2 


250, + 0 ? 
S—dioxide 


HiO 

+- 2NCb ----► HNCS + HN0 2 

Nitric N-Dioxide Nitric Nitrous 
Oxide Add Oxide 


250, 

S-Trioxide 


*+ 2H 2 0 


2H>50., 

SuEunc Acid 


.>1^i 1 ! ^ i4>*> 

mr‘ J ■ E- Uk l ^ 1 1 M -fll ^ ^Lwi 1& ^ 1-bA^ |JJ ". ■ '■■ fa Tj I jj< 

j* O&X Sj^Ul plA oi Ojydl j* J 'kjjtt* Cf* bjk ^ 

L^uLtJi i £jjy i J|j V i Lf it J j Lw s^i j \ U-A j. ^ ^>jJi * x& 

I^^J Jj I ^ k-Jj^tM 4 mLuJ] ,j 4-S>^; * Jjj 4- Gj^XJl ,3 ^_h 'jJ ^ J ^-Ii-I *1 \ 

(Jl Ifi". - J 3 JpL s-'d 1 . *Jj^>- oi^jaJ'u .Uj^ji^Jl l J LJl ijJaJj 


NaCl ^ -» Na- + Cl' 

H 2 0 4 ► OH' + H f 


N 


aOH 


HC1 


<>1^J blj * 5^1 ] 'j>- SjLa S_^SJl jJa j) 

l jA 4^U\ ijl iSj*i ddJi ijli S_}^^[ ^Jjj <_$ \j ^ 

* 

Vy (/J' -kfW' jr-^ tj** 2 A^"' Ljj* 





Lg yg * 1 jt lI-J Li jft 'i (JLhXAi' l jji * J 

aXfc *Ul iJj 1 ^^ oU oU^Vl Jl^iii Jl ^iUfl^fU i *UL1 j 

jt*}\ W a1jl<<Mi*) 

il jl 1 ! ^ h * a OLs lLUvU + ti^Ljbili l j-b *li1 ol |_JJ SjLL^JI ^ 3 ^ 

i^lwLJl il^-+5* Jl^ju »4 * j Jr? H j JjL-j ^1 till ^ 4JU*£1I 

lJj' lJsjj.jJ>Ul J|^£J -^Uli ^Jl 

^Jij *111 3 sj^j^ll ^LJjjJ 1 ! j|^il ^ oUu* jji\j o 1 j^JIj oU_^ij5Jlj olx^SJ’ij 

^jajlSI ^j™X*UlI j j*jfrjJj| .ylH ^ Sj-lt 

LbjgjTjJ d-UJJ j-^Lil frLs^SU oljJL*i\ 

c-^LJl JfJ jaX^ ^jLaJI *X* dJUSji *JUl iuJl ij Ukiku 

OLaSn/ 

jLL^ Jjl tULijjjVi <* jJL* j Uill J-’ljJJ JV* jLtLwJj 

U***"' s— kj^> i j*£\/ 0^ 

«oUj*iVl 0_j5v ui ^^$£51 

,<U\ oU_ySl» J-Ltf- <*-> oj^l 0L»- VI y> j~£ j i*+» a$%J 1 <i*^j 

Dissolved Oxygen (DO) V** 1 ^ 1 { T, T, 0) 

* 

IwL^j . 4_^jHk sLj^iJj ,^o oULlj Ujj 'rf >■ sLlI j: ^-JlwU 1 ! 

A J JI^ Jj Jl IL^- 1 -KU^JJ ^ u-^^Lj -^Jl ^ ■ -_^ J ^jJs I 

^1^JU iJdil L^SLJ^ o'! ^Xs- Jj^ i-Jll 1 ! sU^JJ Iju>- 

iJljjbj ^j^-Vl *L>JJ o LUi oL^ *ULb ij^f r-..... . ^ J 1 I dllftX^ J 



*Uj 


^0 

JUU iai-iJi — Jjl^l ^ Uf^—SVl JJljji ^ S$ 

y t ^ •3 ^ V A- ■■ 1 k_u>T i £ ^ i 4^jjUj 

’■l? iaJws * a T ^ L^J'^d jak^P 

ij\ j-j- O'ji U« .v> 'i jlj*£t *1j^JLj ^JL_* iJ_jJl^ 1 j^_£j I^ju^ 

^jJLaII jiJ /*1A.TT ^L-J JiwJ f °T £ 

!*■ 

^AjL* jjWfVl *Uil j oot? 

r ( j* ^ \ 0 a, a-*>- \ ) / >1^>*JU *\ — 0 

<JoLhi1 atjjiJ^.' l b jLiJI jJ* y i—* Lwj*- JVSjC \ 

< f mo <JUj4)yU» 

(*,n>.-. ~..Cg =P £ MW /rj 

•( r f / jUn 4 ) jtiji >£/ = c ? 

*X e x Kh = ( ^ “ Jl^wiU) jliH <J jL*JJ J g .» ^i .Sl = 

►jUJl il>'$y> >-Xc- = jWTT 
CjI 1 ” Kff 

ijjiSj jliJl Jy» = X g ^ '^r*- 

(If ^ V).-.Xg = ng / (ng + tiw) 

.JUJ^ jO* = ng 

.tlH JJk* = nw 

J_^ x ^il£)l / JL^ A,n it = jUU OaWl = R a 





'nijU J 


(k ifiiLi'i lj\ jJ-1 - T 

; 5bUll y (Q) ^i\ Xs- JUJS ^ 

C* = K D xCg 

* ^ ^ 

X ^ jl^JJ = cj 

’£U^' = 

JjIaII Jnk*a}\ j*aJ J_^ jUUl J-fjJ k—jLw^j- 

< i ;> A). C'=c,x(p-p. )/(7«o - j».) 

" 

,(^J /|*>JU) SLIiaII pjI j^-1 -O-jJj P jUJl iJbji — C H 

.{jiJ / jUJJ ” C s 

.<(0#) ^UJI = F 
{ T,fl JjJUU)_*Ul £jl *\X\ j!j 4 iaJws> = P H 

( f M tJtf'f ) r frlii jUt JaA*J ijlji-1 ( Y f * ) J>UH 



jLT 

f ‘j^ 1 

t f oA 

sin 


VI 

■ r AVT 


V' 

’iptr 

^ * 

\v,° 

t,rr 

1* 


(t> Jb. 

<w»-ji 1.'^ »Q.l y* ii» fr j ysjtukSV* jUJ ySy 

A r "l yjjt-^S/1 j«Sy oL> LUe- ^-L« v \ * Jawrj f°T * 2j1y- 







*U>I 'jM j*- 


■w 

T = 2Crc 
P-710 mm Hg 
C' = 8.6 mg/L 

at T = 20^C P w glA\ <-lll jU4 = 17.5 mm Hg 

i^a ZJjLull o Jic- jliJl j~> y 

C = C,x(/>-i>.)/(760-i> v ) 

8.6 ■ C, x(710-l 7.5V(760-17.5) 

- C, x<692.5/742.5) = C,x .933 
.‘.<^ = 8.6/0.933 = 9.22 mg/L. 

i-Slil oULJlj wJb^iaj^ yt *U1 j i_j 1 Jill j X^oa 0} 

A .Xa. 1 . ; j£ ^J'i 

iijjjdi asQJi 

COj + HiO -►{CH 1 0)n + O 2 

^ yl. * I f l i A . C * ^ 7 1 ^*4^ .^4 ■ ^ .1 

L » 3 . , H'1 , i i J olc-L* tbjf ^-£1 Jjf- tiiSwiJ 

y ■■ J. h ^uLuul i-JL* Ui j j j Jhu ^yj^ajl JJLfcifl JpLU 

LL j^44-£bW 

^ p- +UL1 Jw-^4 jJUaa ilL# dJJiS" 

j Oj£* Ux* LtJjjj Diffusion ^jUJl jliilVt ^ 

J ■}-£/ *>* ^ 

*jl/^ frUl ij *ja^ ■ J ** =A * 

L>? Jj ilLjpVL ^_jlJll *U*!f C-Jii LbiS" *ULl Ojjtfjl ! mk!^9 





1A 

^1^- OA]Jl£j ijlil 0 U$ ^y> ij^^^j\ it 

V Jj i^iwsJl J^ai j tfUll 0^ is r A i 1-^J : !^jt 0,*\j Ui^ 
jIjU JwU- iJL* f i5UI C#>w^Vl <y l£>^ 

ji ^bis-1 o^ ^^^-*1! ^ ^iLs s-IJJjl) i iJiLlI *lJ-1 oLjL^JI ,rt*U 

.yd 1 , j-i 1 ! oLrtSJt y-j * -! Ojj» 

^Lt ySj i>-jj Ji of?***^^ <**£ iidJjS" 

kiJ^ij lj^ jIj ^_jijj\ ijyjji ij. 

. R Ll l i ■■ b l^-L j LjlSI j^umw V1 4lJLa£t 
COj in HiO Equilibrium j 0Ar**^ ^ Ojlj? {Y,Y,^) 
J"* 2 ^ L ^- y v ~ (J4**J^ ^SlL Cn >.i J *Ul J jjijiJl > _. i. ^ t 5JLjj 

:( Lindsay, 1979 and Essington, 2004 ) ^U1 >_...■■>• oVjU* a Ac- J^U- 

(Y,'5).C0 2 (g) «-► C0 2 (L) 

. J5UJ <L) * jU3 (g) yj 
■ .l.— £l y yj 

(Y,Y*>.COj(L) + H 2 0 *-► H 2 C0 3 (L) 

(pK„ i jA*i J^-LixSl wc i_JLnJi bl (pK) *y j 

{COzJL JJLJi 0 y.£i\ -L-*Sl g* i)jlIjsM = 1.46) 

(Y, Y ^). H 2 COi + H 2 CX-► H 3 0 + + HC0 3 - pK^ i ( 25C) = 6.37 

(Y, Y Y ),.. .HC0 3 + H 2 CM -► H 3 0 + + C0j = pKa.] ( 25C ) = 10.25 

-J *IU j ^j. y .wc.'dij y JS" ->yrj g»j COj” oUj^5Jl 0} 





“U 



P-lll y- 

(M*)- 

...Ca -1h 

+ CO 3 ’+■ 

-► CaC0 3 | S * 4.96 x Iff* 

(T,Y *)<..< 

... -Mg ++ 

+ cor*- 

-► CaC0 3 | S = 6.82 * 10 -6 


.ijiLjJLH c-jU S >1^ 


C0 2 (g) «-H 
H 30 + + H 2 0 


co 2 (l> + h 2 o<- 

. Ca^ + H 3 0 + 


; iJUl <SjUH JM> l yt siXij 

h 2 co 3 + h 2 o «—► HC0 3 '+ 


CaCOjj 


jf j f*r* jy ^y^ ^ 

CQ? ^Isaa ^ j5j ( V ^ pH ) *lll pH U*U*i t*\k\ J; 

Oj^jf { V ^ pH ) On _*! Jiil>“ |j ^LLl Oj&j i j^Jis 

( AjJLe-UaJli )JUl*j1 jLj. 1 pH *^5 Jc^j HCCV 5™* , * in * * 

5JL-J1 oUj^Vl dJJi ^CQf iUA J^S\ ^'ij 

^jli* aIa^ IX #L*U 4^-Xp-IaSI pH j|4-J j j!jJ 7 ( HCO^ oUj^jfSwJ'i ) 

. j,U*JU jlf^\ ij OjA j*£jJ 

m A,*S jjwLs- ^ tulJa^lj jls^Jij < jL|jVl &LJl pH *_J ^j\yj A*It AA,dj 

^3 ^J1 *U»-Vlj oljUJ^ aJIjJI j.1 ^\ oL+5j jMyi C^j 1 

»4aju a LI l pH ^ 1j1 ?Li-1 ApklJI V ^lll oU/lSUl .^Joa# ■ JL jL^JaJ I *Li1 pH 

* 

.LLL* *Jj jlill ^y- 

p-jj ( CO: ) 0^£H x^mS l ^\j _pLia-* (Y,*0 

+(pH ) _j£\y 






V* 



^ +*k*& gjjJ Jp fpH) pij jjfc .(Y p ^) j£^Jl 

< l.indsay, 1979 ) 

Cjj—^ 1 L^__A ? T ^_lcrt pH i ob ^L^LI 

HCO^ J—4; JljI pH <4 j 1.> sLJJj i ( CCX ) ll-'-LJ jjj>J *1 

CO? + HtO Jj J|__L*w _I'lj H^COj, tLLJ^jj^J 1 ! 1— 3 - i Jjj—* j jj, 

A r T — i.o .^ruL* L 4 J pH ^J1 aLJJj -C-^Ij l j^oL^ 4jS/ 

j \T"l pH 4 ;c. ol ■I'^i^il j HCOj "i g-* 

jrt ^ K2 ^uuij ki j/sh UiiiVi ^ \ *,rr 

(Oh ) ^J^.-i H oLJjj! oj .^Ij^jJ] ^ Ip i-zj l_ j jjjSwJ 1 j dL-uj^j^J^ 

J: OjJLiSl jJl^w* L>i ^JJJU ,1JLs^ J4—^ j-Li JJL£ 

JU^-£l ^U ^Uji otfjLjJJ i_>b£ HC0 3 \ cor ^ fll—U 

: UbJl oV jUI ^ Ui)M ^5j *U1 J OjiJ&l 




* h 2 co 3 


co 2 (g) + h 2 o <— 

2 COy _ 

co 2 (g) 

log K ° =-1.46 

Log H 2 CO 3 = -1.46 + Log CO 2 (g) 


H 2 CO H + + HCOj' 


K° 


(/Q(ffCOp t q— 6.36 

( H 2 CO,l) 


' 4 


-6.36 = -pH + Log 


{HCOp 

(h 2 co;) 


pH - 6.36 


4 —jJl eJLfcj e H2CO3 HCOj y A—. 0 O 1 «SsJ 

log K. ( Y - \) ^|JLI i Uki'l £Al £j pH Jl oljj-j IJjr-J ! jL j kljl jA S^JL f- 

C0 2 (g) + H 2 0 «-► H 2 COj -1.46 


H 2 CO 3 <•-► H+ + HCCV -6.36 


C0 2 (g) + H 2 0«-► H+ + HCOj’ -7.82 


K . (HHHCO;) lp ., tt 

(Co 2 (g) 

-7.82 = -pH + Log (HCOj') 


Log CO 2 



(3 J*j {f J* oV ijyr 


VY 


: L.t1 HCOi" 

HCQf <-► H + + C0 3 = 


(tf)(CQQ lo ., 0 ,„ 

(//co 3 -) 



(COQ 

(ffCGj") 


= pH 


10.33 


■ I 0?y ij^Sa ^ * h TV =! pH l*JLLt 


- 1 jl^ll ^ 

logiT 

C0 2 (i) + H 2 0 4 -► H + + HCOs -7.82 

HCOj" ^^ H* + C0 3 = -10.33 


C0 2 (g) + H 2 0*-► 2H + + COf 


-18.15 






(/T) 2 (COQ 

(co 2 )(g) 


= I<75l0" ,s,i 


-18.15 = -2pH + Log C0 3 “ - LogC0 2 (g) 
Log COj (g) = -18,15 + 2pH + LogC0 2 (g) 


C j P CQs ijlJ^I jjij&l JL-Sl yls) ^ji-1 pH ^ 



vr 


*Uj 


_^_iL? jiju n w ijnj' 1 pH ^u*l 

; yU 1 ! SjjUlt ^1 Jk*O^X 0^jpSsJl JU^fl Jj-5yj 

< Y > Yd >. + t^Q^ — 


-ij ^ J = C CQj 

.( Lindsay. 1979 ) Lti^l c^U = Kj A 
w \Ta ^jLJ T 0 Sjl^ i?r->> Xe- pKj, A 0^ c~>lijj 
dU <Js-j ( (t,A) JSJJ1 HCOj ^ H 2 COj ^ J_5 L«J i$J^i ^JJ! pH 

■ <_ mCJ ijl ^jJX-C Lti'w-Jl ^Jj'ul’i 

pH = 3.17 + 0.73 - i log P COj 
/»// =3.9-i log P^ 


7.82 - logP :o 

PH = ---- 


pH = 3.96-i|og/>«, i 


pH = 3.96--log(3.4xlCr') 

2- 

pH = 3.96—j (-3,52) 
pH =3.96 + 1,73 = 5.69 


pH *->!» 3.4 x 10 -4 atm J P COi xc -j 



j jn>j j* «>»• 


vt 


hco; jSjsj ®c j pH P C0) jt<& 


: PCO2 Lj JjJ P i- l l O ■L^ jS 'l n i nV> jj-Lflj 

n “//+//cor [ 10 "^ \hco- 

(X,T^>.P™ =- -=± -J-- 

( » ou jj / j tdij a^h jL-i'f ^) fib ^ (t , t , v> 

{ COi-HiO-CaCOj ) System 


8j1>-1 ** } *) P COi ^ CuCOj ji*AiS (Y,Y,V,1) 
JaJwaJlj SjljJ-l ( Y r V ) Jj,-* Jj£s£ 

OU -L-^i ^UJ •^.x ^' 1 “V**^ i/kjh ' 1 

r pH J ^OU_£J^fT ijnj 



(tSjj oUj^/ SJk^i ^ iftWl ,( T 7 V ) JSLU 1 * 


- ( Carrol and Mother, 19M ) 




















VO 


*U>I j*- 


Langelier Saturation Index (SI) jj-iail jL£*i J-b (V, t, A) 

j-* |>ks-uLi-^jj^ djljj o\ 

; J^-u tjJUl (SI) 

(\,YY).....SI = pH*-pH* 

.pH L^'di'l ^UJiJl - pH a 

.pH pj] U-S11 =PH C 

La^L^J * '^J1 Oj[j^a *UJ jA-h& SI J '^JC£r 

l^Ls ^JLwm 0Ln Jw^-j t ^ jk*vJ- l L>J 'i ^ ^ ^ I u 

.CaCOj ot 
i ibUil ^jA pHc 

(Y, YA)...-.pHc = (pK 2 - pK p s ) + p(Ca + Mg) + pAlk 

,^J / Jj ,Ajr r J l iSU *i \rSyS k_J U *i = p(Ca + Mg) 

rjJ /J_^A ijjJUJl wJLvJ>1 — pAlk 

.(K,l) Jjjjt-I | JLrjLS'| jjjJlj 




’nijU j 





















































vv 


*Uj 


0) 


jA til UUI oUUl 


°C = 20°C 
pH = 7.7 

TDS = 200 mg/ L 


HCO'j = 83 mg/ L 
Ca= 14 mg/ L 
pK'-pK’s = 2.25 


m Ca = ” g/£ ^0.35mM/L 

mg^ ImM 40 

pCa= -log (0.35 x 10T 5 ) = 3.46 
pHCO, = "HCO, =- fT1 ^- 


mg HCO. / mM 

pA\k = -log(l .36x 1(T)=2,87 


= — = 1.36 mM/L 
61 


pH c = 2.25 + 3.46 + 2.87 = 8.58 
S.I. = 7,70- 8,58 = -0.88 

-CaCOj 


(T)Jtt. 

* [£^ '_J || ^ ^ ^ Uh ^ J. PH i*Vj 'Ll .WH^ ^ r 

.0.0003 atm JU* C0 2 *\*J! (I 

, L .0 atm CO^ 

J* 

0.0003 atom ySJ xs- 

7.82-log^,,) 

P 2 

7.82-log(.0003) 7.82-(-3.52) . 

=---- =-- = J.D / 

2 2 



(3 J*j {f J> oV ijyr 


VA 


pH 


1 atom x*-j 

7.82-log(l) 

2 

zs=ta.jji 


Oj&s L-i L^i 


pH = 3 . 9 -±log(i^) 

pH =3.9—j(—3.52) 
pH =3.9+1.76 = 5.66 

pH =3.9--log{l) = 3.9-0=3.9 

2 


«-LL'l J •■ | A- J frli\ ijij'J *A*j «Lll 

Fe K , Mu' \ Sr". Jit Mg" , Ca" ) <jil&Jl Vr^ 1 oUjJ 

JJi {PO~4, Off , CO'j , HCOTj) J* J& *i* 0jfcj .( Ba” 

.»'J>1 

I 3bW(Y,T,1 ♦) 
H 2 q+Ca* + +H 3 C-(CHj) 10 -COO - -+[H, -C(CHj) ]U -,COGr]jOi 


T 


\ 


T 


'wjG J-ir 

oUU^wJl j *UJ eJ*_* ^! MH k^L<^ l Ls J_)UAl j ^ 

Uf oLyjJl Jj-b CdCOj jl MgC0 3 ^ 



*Uj 


V\ 

.*1jj££J 1 ^ -Uj^j k^UIph—J l iJLo J-Lth 

+L fUJJ ^jj-wJ,l *\\\ 

jj^^^vvwvCsJi ^ j s»i. J ^j*0 i ^ Jj- 

{Eaton ot al_, Ca jJLIL bfcJbuj Ca* Mg jjJUaJ (EDTA) ^ 3jjl*lt 

.2005) 

: J) All t~*~ (*y'-* ' 
s jj-^ :w* 

^^U"" <ta_.-i ■J'^Jj^LwJ ^ I. ■ I irjjjj 1 s._>Ul ;^_T*J Xih‘.‘.■ J 

Sjlj^ 

Ca(HCO^)^ -► CaC 0 3 + H 2 0 + CO^ 

0*" iSj^-J ' (•—' !iS J" 1 p ■ 

’fJg*" r , *^ -> 

^ I ^bwJ ^ v J^wvl ll_* k—^1—l *1 ^ i ^ j _^>L' ^ ^ J J 1 [^ Jj J ■ ■ hi'i ■■ i .-V'J" 

js-"^ *0^ 0"^1/^ 1, * j *hl 3 iy„x^ lj 

^JC. juA _J> iiU i iUxI 1 ! *JjJLi!l Ji? ^LSsjl 0j£> ji l^jUw UJU&ji 

^U 1 ! jiLjil ^^0^3 11 j f 1 jS* jw- ^ J’11 ^ ■ .~^ ^ 

(Y,Y ^).{(( Y£/W )*Mg^) + {( I */> ^* >xca ++ )} = 



^ * |Jb".. ^ I i^J ^ M 1 ^ ^ 

/ ^Ij^JULLU ^j^ULa a jjwJl^J-1 o_^t j^fjj o-jo = Ca 
.Jli / ^ij^JJJt'b ^ULa Ji j^ vJjdi Oj j1 Aj-^J = Mg 






: ( ^ \ ^ ^ o ^ jUj-I ) I 3 *lil j-*jJ ijUfiJl jli^l J-L*^ 

*U^jUa!1 iS^x^I SjU^J *Ll1 o'i jJdj - * 

llOJLjJIj J|j- 1CjL^yjJl j *LI] O^L_j? jJ 3 Uj-5j * 

Jw>_- hp ,| 1 i _CJ|—I ^ ^ ^ ■■ ■■■ J '_' J -.■** 1 I Wfewjt J ^ ■ rt 1 ^ lj^>-1_^ AJi^JsIl 

-jJ^dl oi-Ullj V&jV^ ^ 1*Jj^waJ!j j iw™w * 

Us oU*aj j ojjUaJ^ j^aJI UUj *L+SS £}l j5Lc * 

. V* jil j-i j—Jil ! st§™SU 

.oVU-i ^frtui 3 £j jjl* olfUtf | ^*-*aJ1 * 

* JJu^i *Ul *+-&- c4j*£ ut 

.^QlAjij 0 U«mV1 J-C (3 jlpLw * 

■jJUj _4 C^j^Uv^j,i1 4j--irt l ■ i ■-1^10 jjl wLh 5^ ^■■ < ^hi. i j-Lc * 

.(ifLwJl iJL-ji Sj^Lt) olj 

^ Al^A aJ O^ 3 V^d *Ul* 

j tfA 1 ^JUJi L3l l ^p^^_^_j-A^-J'l ^ ■A%wj |^uo i ^ Jwj 

.*ui 

^JbjJ.1 jJLJI * 

, V>iuJ1 oL5>U iJlj)ll ■ 

■ U^jJ Ij 1 i^LA 1 A* L% ■■■ 1 L a 1 I _jr* J ^ 



*Uj I J*- 




(?) 

W* * Lg : ^ ^ *lXl ^r-* ij-^- 

*( *j jJl ^jJL& m *Ulj JJ^ ) ji f ^\ j^iJdU *^\h> wJl Sj 


Na* 

K* 

Ca * 

Mg ' 4 

Sr" 

cr 

C0' 3 

SO"* 

N-NO', 


206.8 

8.97 

207.6 

55.2 

26.3 

497 

nil] 

307.2 

1 21 

223.87 


* - ■> j i Ul'. 

-jsJ /^1£*JUU JJ 3lk*i! l^-jl (I 

? jL+ 1&1 o/ /j£Lr X \ * ^ Ju* bl (h^j 

-S^*13 'jjtJ j-*S'j </jo^' j-*)' *«j <£ 

. aAjAjI tJLjJ X-1 1— U j oUjjbAJ aJL*x^ 1 olj (j 


/i/fWii,^ 


- jj/^UJmi jfjft ^LfeV (i 


J* 




£jj)l 

c*j4i 

( OV) vr J*l OVjiS' 

W.fA 

T-V r l 

Y ‘ 

Ca 44 



11 

Mg 44 

'jl * 

n,r 


Sr" 

A t M 

t<*l,A 

vr 

Nil* 

*,rr 



K" 

( O'ujjS' 1 ) iJuJi OUj^I 

r.nv 

HT,AV 

'n 

Hcor 

M* 

r< v,i 

u 

so/ 

U,M 

t^v 

Te h p 

cr 

1,o 

n,*> 

1 t 

N - NOj 



































'nijU J 


AY 


> * ■ X 


lia^M I~uJ (t 

oUjhjL^LH oU^Vl 




^o^xil UaiM 


Xr,^ = ^ - * 


U.A- —To.oV 


+ «Yt/1«*)x oM» + U •/W)xY'V 1 ’l))-^£Jl^_Jl<£ 

jxJ / CaCOi (4*1. VW = T * + Tr* + = <(AV.1Y/W)x U.Y» 

/ CaC0 3 ^JL* VVA = o • * (O + £.1 + > -TA) = J£J!^1 jl 
yJ / CaCOi fM!*!* >AT,6 =6 • x T,1V = 
jj / CaCO, (**Ju 0 * 4,6 = UT,0 — W<\ = ylji/jaifl 

: UoJ^l L‘LJ3I obUVl (j 


HCCTj 

3-67 

SO% 

6.4 

cr 

14.0 

NOj 

1.5 

Ca i+ 

10.38 

Mg' 1 * 

4.6 

Sr"* 

0,6 

Na* 

8.99 

K* 

0,23 


• frlil Am£* ol | i 

I ( * lSsJ ^ il & L^Lj I LJ il UxJ ^ l_*1 jjpjJX-J 

-^Jr— ^ ^ *■ ij>^" * ^ j„ 1 1 < ajj'« I 1 dj^ 








a r 


»U>I I yt- 


*.uil <T,T) 

Biological & Rackrmlo^iaL Chur^cluri^licsi 
PlanLae OnI/ JJ^LeT O jXj J] h^J-i hJ^-Uj lSJ'i a ■ 

1jh^-VI *-Uhj .Protista XuiJjl ij-l oULSJl *£Uji Animaiia C^^X 1 ! 

l_Jfc L—■.“'t»j \ \ J XI jS^wkl *■. riilJjJ t I J ^ i tT*. 'l J ^ 

tXfcP-\} t LaS* j AjjJcJlj I j oLXiJl 

J-'wXl 4J*4> IjJ 1 .J^jJ Jr-wfc^- j^LnU il it 4 

4frL**j lyocc/raromycetf cerevisiae 

(jjj^^Ji oL^r c.) oJi 1 ! ol.^ nilj SopT™jC O^ 11 

.Lactobacilli 

J _ 1 i-1 1 1 ^ W, I II -j jj- ijjj IjLwJ- 1 ! I_J ij' jl " - M I ihSf t X-f- '-wJ? .Jj Iv^ 1 fc. "-J L£- Ll-^^ I * 

j^wu Clostridium acetobutyiicum 

^JS ^J1 Gluconic acid ^j_£jJXi J* +Xlj Citric acid 0j-*JJl javsJ 
pjjJ] ^Lji JJL* oLcjjVI 4 nJTjgner .jXL-j^Vl 

Streptococcus hemolyticus ^jJJ Sjlil £Ll_J^ Streptokinase jCS 

Sacch&romyces jUXl JJU oL^kiSl <±>cxi ^JU \j Invertas (V/b 


♦Cfimsiag 

^'^"b " ._^lS1 lLUj ii j_* j 4j^a11 * 

X-t-M lya i ,Jj , >"jl.^ L-jj lj iJjU jJS^fJ \£ LjL^-t£l1 J I *i L 4^-Lhil ,\La 4 hJ^ LjJi * 



Pemciilium spp r pjgl*—"J1 £lj—it ^X,-.—J 1 ! 

Vlj ^wV 1 ! 4ra .i.kftj Streptomycin 


. 5. irwrcc/ciocrt^, 5. Hjwuwjhj. 



'nijU J J* «>n- 


At 


^jJaJL CJ 9 

+ oUljjdgJl! +\JJS ijjrUm ^JUxH * 

4_>tilS^ilj jjJUL 1 !j i^jrJI 3 Ct^Jj^r^ 1 * HJ-ljjJl o!A>-jJJ * 

.U>c4^Jj-l j 

Srl-UJ^j ijljLAl JjijJlj Jl^jV 1 ! ,/t il 1 'l 4 ^-Im # 

.i w iUJ l lj 

j' JJLi' lI- L^w- I aLU jl^^J iylJLJI iJLJIi * 

.4^jill <JJLmJ 1 4^£-l ■ „fT 1 *8 o^iu]' 

4-j'iL-J j^l*i!l. LJsls’i -U Jl , ^l! *LJlI oL*L£Jlj {j£ j£- 

,3 ( j4 ? kJ 1 |wJfeaJi I 4 JI \£y*J oUj^ i i ^ JJJLhj -flUll 

i^jLjJlIj JuL^^S-l JjTj 3 JL£-L™J ( jj^ljjJIj 

4JLJi LijjJjj >Xl\ 4_*t -y 3 .jlr*^ 3 "; ^UjIS^SI j5L£j jjj L*i i ^Li™- 1 ' 

0 -* -*-^ -^Lr*^' Vr^‘ ^J-*i -^JO 

<_jL^i liJJL* L>i j-jfr -Ljjic- »ljiJ}|j LjdlJ) 1 2 j£*xU ♦Hi j 

J*Jb IJLJj .S%^“ Jjh^j- JljJL>*xJ 4_ULSnXH ‘-fl-*-’ 4 L ~:' * '^1 

d« 

Cj wjlS" JJL*. 1’> -1 -Lj^j e J X‘ ^ i jJj^ ») X gX X.it A>J^ ^JLc- Lilt- ;— -*^ 

- Escherichia cell 0>5^1 ,j-* li*j ,!_jU> iiix 

P 

*Lk! 4JL* ^ySs L* LJUj L^SsJl aJUb jLx>-Vi 3 ^ju 

ejj^*dJI JlSj .4jj_Jv J|_J ^Lil 4_JiJ U? O^LiAib Aj jJU 

* * * m 

G>" ^ ►IjT-l 

( ^ ^ C i Juj>- 1 ) : ^1^1 Jj SJUaJ\ oG ^- — j^V 1 ! 



*Uj 


AO 

Ij^Vl &JL*j t Water-borne diseases aLlh <J 1(I 
l^jjJxI^ frUli j*J^Mj «*IU> | jJ?jJJ *-*_y ^ 

■* 4>-^^b d -—-Lv* I i J^^' i * 1 Lv'fl ^hi ^ J 1 j_3_^ |?J l O^>%h-—J ^ L J ^ -l - ^ fl b ^ 

Jl-SU 1 (^ji^—wLJl jL^ jjl) 4.L MhUi Ljl^Li.vjwLJ)j j^j_jLjJ1 

- Jl|=^ j! 1 oL Lc* jj (oli jJO tjC-ijuL 1 ! 

Water-washed *jj**-j ^ JL* jt *ULp J*^*Jl ^ ^>1 j/Vl (^ 

4j i .<a ai m ^ii i i ^wvi- i ^-1 ^ '■<.o i \ ^sf\ + disease 

jJu^-I kiAAjdt : V* jj-* ij^ ^Lbulj -■*- .t. M i*L«JH <?i^iJ 

JjjpiJtjil™Jlji I Uj 1" n jijJ \j (^ J ^ il L *jJ1 j 1*4O; .;*•'■* 

el_s>- ; Water-based diseases *UL1 j ^dl ^>1ij^Vl (^ 

j\ Jl-L>- j slj-^ 

1 1 j*\ Jl^ ^jL^il oLijiVtj 1 —itfVij ^*J1 j-* 4 -^jJj 

b jJij_ r ii1 sjjjJij. u ^LigJLJIi 

\jJ^\ *Jubj ; Water-related diseases *L1L aJu^JI oLJ j ij_*Vl (-> 

^jiwl I L-J^ls ^ -Hi-^ 1 ^ ^J4.-Vij>- ^1 L-.- 1 J I Jpj>- I !■ ■ I ) Ljj.J lj. mJU ^J U 

L*£ i J 1 ' f:>^J lJw:4 k r 1 . J r^^'. 3 ' ij 

iJjiaJ'b ^1 iwiv’d'i ^x}J^\ ^ ^ *-ULL j <?j£i JaiL ^JijaJI >j&* 

UwJ^l Jpf !»^J 1 ■^*J 1 1 ^ i ^ ■ 1 l ^-1^ 'fl '|j1 ^1 ^i h \ 4 I 

a-jLj- 4_!lLJ ^JlJi jj-j-JI i 1 1 Lta 01-LJJl Lijij'dlji ^jz> 

l^—= 51 ijUi 4iU ^jJl 





M 

^gy»-?i jb^*j (T,r,i) 

Biochemical Oxygen Demand (BOD) 

. ^ jJL**JL5 JwLLjJt J-ll ijk'l ^h-U-A* 4JLjJ BOD 

^1jl 1 ! iJL* 0U3 Jk^-j JJUcJl wJUsCj 1 JJUc* 

*U,1 j <JU- oL*? ijU^X w t iXL^i Oli aU.1 j 

.{ Lamb, 1985 ) ^^Vl LSlil «Ip-VIj ilU-Vl J) o. 
(T,T . Organic Matter (C, //, 0) + 0 2 => C0 2 + H 2 0 

0**~^ ^V&' Otys <T,T,T) 

(COD) Chemical Oxygen Demand 

ljU' i^J- 1 L'JLi JJ> irLII ij: ^11 j 1 j-li ^LJL* 4 -a *L* COD 

J|jf ^jJ-ij *LLl 3 *Jjg... 1 Jj^w jljLl A 

U-* J-^ 4 *ii Jj* olj^jJ J ^- * .#ti1 A% 5^1 

.CQi + H 2 O flj J ..rt * S 1 ! J*!^ll jJj^ 1 ^ Wr-jL-iJi 

Oxygen Demand { OD) kjbjiJ { Y ? T,F) 

. <*j Jfl « ^1 -J Jh'i ShrL^V j ' Lfl 1 4j U .,rt 5j 1 ' - ■ 

wJjJyJl 4^-jjJ j^Ls^V' (Y 3 Y\ i) 

Biological Oxygen Demand 

■ *IU (3 4j j ■ rt * H J^L h±j^ iJl 

«TjjJ y^S J^S'^S (Y.r,®) 

^SUi_j HiSO, lLLaX^5sJI ^j*-^ -•*- ^ L ^. ' h. 'L xiIj L« j 

-KjCTjO? 

^'wL>lSwl ^L? m — 1 1 ^sh^S^] ^ L-U j-'i-ji'l BCD 

+ <T ? ^ , \ r A ^IjJU Ul^Jt UJ-U^ 



AV 


*Uj jff- 



Time 

• J— J; '* Js* -1 ^\r»-')Mj ^*j)l i^y 3ftW' • <* .A) j£~J' 

. (Lamb, 198 5) j-Uii 1 , J/)| l i*j4Jl 



.fjt T ♦ ijA J*s- ifft-SW yrj^i gl^Hl (K) JpUJi CjU i*-5 jA .(1,*) jSLsJl 


(Limb, 19*551 j^" 1 









AA 


< y Ld l '"* * ^' jdz\j-' jjta* yJ 1 — . l .'~- « J—.CV'■ iJ-Lix 0} 

f\jy o^U*U UJjtf iJ4 oU&Jl J-. JJ>Vl £>Jl J jl* JJbdU <1>UJIj 

^ m $ i ju^-t) jJf-Ux)^ 1JU 1 JJlc <j^5j sjl^SVi 

(T»n>...... dLidt =-k,L 


(X,TX ) 


^ ^ * (0 j ^*t *^ J ^ . * i] , ^ j-t^ jl^il ji w L 

•pi C^i 31 = 1 
. Jf-lixH =k t 

(0 j jj-f crv) 33 Cm *J->Uii J--IS4* 
.4 = L n e~ K,< 

J 

4 = 410 -^ 

■*■ 

.t ^ j JU#- A ^* 33 iJ ^A " 33 (j U l mrt H L yJkd l = L, 

,y^fi ■Xs- iu * 33 j C y >«» S ‘SU i _ . J J ax !il = L<, 

.J#-Udl Jy <ioL‘ = JjVl aJU-Uj = K, 

4 =0.4343 x^ 


^5 jll 4 - h .aII J ji_*J ^Jl_* |j r . ~» fc »i i'V) 4 » < 5 <j Xy»J ^ V\ 5 

:.yVtf ibUl 

(T ,rr>. 50 D f = 4 -4 = 4(1 - i<r*) 

^... ^ > 1 * !> j y ^ 1 

_ _ BOD s = 4 (1 -10 “ 5 *' ) = 4 (1 - 1 CT 5 *' ) 






*U>I 'jM j*- 


A 5 

0 ) 

vj' j 4 X j J * ‘^ flj'wfc- ' u ufu^SU iwUalil v^a^-l 

ijlAJ^jJ Xx- ji !T ‘ ♦ C . » l; f Ul d Jju IjJ ^?L*2»_jyi4 

.0 * fjJ' ,> O 0 JxUxJ) Jju* cxlSot U* *°t ♦ 

J* 

1- t = 5 days 
K, = 0.15/day 
BOD 5 2(, = 300mg/L. 

2- BODs 2 - Lo (1-10‘ 5K |) 

BOD 5 20 = L 0 ( 1-1 O' 5 * 15 ) 

300 = U (.822) 

/.Lo = 365 mg/ L. 

(T)Jtt. 

oL? * e T o (BODg) 

Jj-Ul * Zj\j2- iX&j 0 AjLjI^ J L-Jda^ll 

/ t F t (eJ^L-Vl JU* K Jj^UdU o^Wl S-^5 jJ /pj*L* T * * 

^ Hi ■ liJfJ \\ 'L’i-X?' '■—— 

•r”'" 

Jjljil aIjIx* 

\« ^L-Vl x* Ktc = K,(20°C) X 1,047 (T ‘ 20> 

\ * g^L-Vl Jto K, = 0.434 X K 1 = 0.434 x .2 = 0.0868/ day 
.‘. BODf =L a { l-10"*' x> ) 

200 = L 0 (l -10' D 0868 x 5 ) 





= L„(1-0.368) 

200 = Lo(0.632) 

,\L<> = 316 mg/ L, 

(T-20) 

Kt»(25) — Kt(20°C x 1.04) 

= .868 x 1.04 7(5) 

= .868 x 1.2581 
= 0.1092 

.\ BOD? =L 0 (UO- k '*') 

= 316 (i-icr Q * 10&2 x 

= 316 (1-.284) 

= 316x0,715 = 226 mg/ L. 

BODf =£ <f (LlO" JClXf ) 

= 316(l-l(T ct0668xJ ) 

= 316(1-.549) 

= 143 mg/L. 

ilu-f (Y t t) 

Y,£ i^j 1 —: EC t l—iji —i J-—^j=i1 fr- 5 c—51^ lil: ^ 

^ Cil-5 I^LS ( fY 0 .i j .e- J*_m/ jjaJSa 

* 

SL*J^JbJ 1 Ap- &Lll 43 jA* o\ = V 

,pH yS jjj COj y&y C&i ^ <j* 

La^^- ,'JLl fULI j pH <v««>I i 1 

0.0003 atni (CQj) <1 

1.0 atm(COi) iSy^f 

/ * 

AJLt- ^ j\ £ A k <jUj ’JL* L^piJU VjJ*£ ijl ^® ^ 

\ 0 0 ^y D AJyt yji Jt o\£j V * ij\jz** ji 



\ \ T t ,_§ O^Ij o\S iU ^n/ 

.4JjU 

■R- 


C = 20 
pH = 7,7 

TDS = 200 mg/L 


Ca 1- = 40 
Mg** = 24.4 
Sr** = 87.6 
0"= 16 


; oil iJfcJl oUUJl: 


HOT, = 83 mg/L 
Ca~* = 14 mg / L 
pKo —pK, = 2,25 

olijjty ^la*J ^jjjl OjjH 

Na* = 23 
H* = 1 


C= 12 


pHc, K, SAR, SAR Jdj and SI 


SdLji! PjULjJ^>- ijljjl i , ilf^- bU ! V^jj 


.$ iXt?j o] i^~u L*j 5ili£Jlj (jjj iSbbJl *jl *A^* 1 

*$ J oUjjjSw J If; lf> pH ^ b 

; ^ibfu 4?hji^ o»ASj p aLv -j p a>-'i i \ ^ 

Na* = 15 mg/L CT =35,5 mg/L 

K’ = 25 mg/L HCCTj = 70 mgL 

Ca** = 10 mg'L SO - 4 =.mg/L 

Mg** =12 mg/L NCT, =15 mg/L 

Sr** = 6 mg/L 


EC = 0.31 dS/m ^ 

: Jr 1 ^' J ^ -^-Jd ^ ^ ^Ir*' yf^ 






u 


xx& -Lut J; t_j|JLH _}LiJ ySj ^ 

f 

\jr : *i*+ l S')l\ ySj l>^j Ul^ 3^J ^*-i* VT * iJ j'jj iSy? ^ * 'i&j & Ij 

A,1 

^jv^wiJ^*V 'i ^ '*jf at ^ j .^—^ l^* ■ ^ T 

? LjLi-l j *UU .jjL^SLSl 

s o m i—^ ^ ^ ^jl>tz-*j mi I ^ 1*^ 

liJUJl ^jbJ^ 


(jJ/pj>sjl*4)(^jjll) 

0T 

\ 


t 

>U 

T 

>n 

1 

UT 

0 

Uo 

“\ 


+ \ * ^USii JpLiJI ^U i*J Jb-jt 
ij'Lv-l V 1 ! ^UsULj ! i |g- J _* ^jJLyb ■ |j' * jLJJ -lL 1 ^jJu jjl.,rt * JJLjCJ - ^ 

S IaJm-1 £ j£\j joL^U AJX iil^l! 




fr'jil (T,«) 


4ljll ;*5lji 

tJ *mA <s jAi ill .^,^1 /LiJl J*.;LLiJSU \ .o^Ju jlmJ i 

j ^iwjj JJiXrtH jb * <-t*MfJI.^ ) ^ ^ 0 .^U>UU JLjA .L * . < 

,l)J^VI — obrf- /£^jyXJ\ 

jta„ j? L*lij . *Y * * £ t ^iLjJI JLi- ji J i ^yLL^aJ 1 ! 

jVl - 

£*'>' :Wtt 

Ayers, R.S. and D.W. Westcot. (1985). Water quality for agriculture. Irrigation and 
Drainage Paper 29, Rev. 1, FAO* Rome, Italy, pp. 174 
Carrol, J. J. and A. E. Mother. (1992). "The System Carbon dioxide water and the 
Krichevsky - Kasamovsky equation". Journal of Solution Chemistry. 21: 
607:621. 

Davis, N. S. and R. J. Dewiest. (1991). Hydrogeology. Krieger Publishing Company 
Malabar, FI. USA. 

Eaton, A. D., L. S. Clescen., E. W. Rice, and A, E. Greenberg. (2005). Standard 
Methods for the Examination of Water and Wastewater. 21st Edition. 
American Public Health Association. Washington, DC 20001-3710. 
Essington, M. E, (2004), Soil and Water Chemistry: An integrative approach. CRC. 
Press, New York, USA, 

Hi lie I D, (1971). Soil and Water: Physical Principles and Processes , In:. Academic 
Press, New York (197J X pp. 13 l-l 53, 

Lamb, J. C. (1985). Water quality and its control. John Wiley & Sons, New' York, 
USA. 

Lindsay, W. L, (1979), Chemical equiliheria in Soils. John Wiley and Sun. New 
York. USA. 

Richards, L. A. (1954), Diagnosis and Improvement of Saline and Alkali Soils. 
US DA Agric. Handbook No. 60. Washington. 





^Lull *1 jl'jll j dLioll 

•^i (r t i) 

Water Pollution 

/y L$-h . (jJj’yV' 1 - ^ ^ykf- a Li-1 ^-Lul ill J y_i-1 ^ -.:«t1 t*Jjj *\JLt 

* 

llJj- ^m., 1 *■! oL? .^jLiij *r^ 4Ja_j^ 4 jLjj^ JJj j !<jkhJLu 1 j *?iJLo 

01 j£JL?j Lii 4-J^ Uail^U dJJj LaljX^^j. 

* f 

^J 1 ! ^ ji n-U; ,Jwu Oi u-^ 0^-w^J — ^4 /j-Cj Lf-jur 00f 

^ *■ 
i U-iJ *Ul! i^_^L ^a ^.b- mjLjct oLji& < >c-—- jJ ^jJLfr ItU^ -jJJij. 

4.4 >i^- i j^aaJi \x* 4 J *111 of l_jLmt^ 

j^^aJI j 1 0J -4j£- *U*^*^1 0^^ ^jl 1 ^ 

,jj j_ i j fl ■ 4*4^^!!^ 4»4 JJ^ t J _ji jA " /7-0 1 l I ^»4 ^Jw* ■J-J ^1 

+ ( F ? ^ ^ ijtjji jJ L*al l kfjjJtj jj> Jj 

tJlJi—O j J - 1 ■ — J J ■ -■.H. U J ^ J ■,— J .J. 1 l—-^ij 1^ ^1 iJ'OvJ *J ^ ^■—‘-^ 

,j .^-L-.^J-jd^J OiljJrJU 4J-» Si J’U* j: ijL^jV 1 ! JsULJ ,*iUj i_^v 

Jrj-il'l ^5-1 1^ jJu lilJaA^ ^1 kjJJj i 

lLU-U i &LJJ &X& j: oUjAll : j r * -^-LaJ 1 ! y oOjJ ^>sfe^j iiU^OJ 

^0 





jj-fewU ^ JJUlLl jjsd-l C^U^H 1 ! (iUj OU»? 

»Ul o^^tj 5JUU1 Jtuu l^L 1 oU5l£Jl Ojh 4J * olk^j 

. (V', £ —T , V OIj j i) *Lp-V l jJj 



. iJjill llji! |>*bj&h fiji^Jl .( r s T )ijj^ 










«g.i 


w 



Xjfu i^i jijiJ .(r,r j ijf4\ 



.Ujiil »'wJJ ^MkvJi 01 ijk'‘ .< r,t ) l } ya$\ 






U 


jcrH OdlP' J^K J 1 ^ 1 Jbr**' J jsr^ 

4 JW- jp-^ 1-L*j L;jj^ J —1 -LJj^j Ljli^ 

rj4^il IJlA flU Jsr’jvjuil UJ jjXJ 1 - 

tUtil LS JU- Oblll £jJ ^ tJ| —J J *— 1 JA* 3/^; iS j h 4j . »H -J .H j— 

LlJ ^Ji j$j-£j (3 ■.ri'l'ljE OLw^fl iJ ^JU- l£ 

ft'JLjd 1 1 1 ^■_J^- 1 u] i O ^^i- 1 ^ ^ ^ '|fl ■ ■ J ,J ■■• ■A-^f IJ ^JUw ^ ■ ■*! lij^i 

,OLll>tl 1^5 4jr ^* M J^>J *—* ! >kN 

l j J ^S) JU-I lLUuS'j 

.illLijlj -Ws^Jh 1 - ^ y LiJl y^iJbjwC lLjjJu JljV L^b ^Vi n. 'Iji sJLo £ tgiS sJ-jIjjJ'ij 

^j-Jl lIj^JUI |J_* JLl*l Ju £ JLiJJ O'jpw^hJ Iji jL^j V* , iJ J-t- J nrtT j* VjJ 

jtLil ij Jj—>- ^ Jj JLJjJLJI _Ia_3-^uj L^JjJj y- L«j| olla^lj jUn-JI c-L-b 

jj-LJI *“*-1*^ L^j .j-^JL^S ^1^1 ij i ^Ip'i jpl olaili 4J-1 ■ .i^U 

JJI ra JU^Ij 

3 ± 1 1 _j_ ijji L^JlSL* kj^LlL>lx j_ul c jjb ^Ujj fljj>-'i^™i ^Jlk- ^i: o,u \ T * o'uili£ 

fljili-* ^jj ! j V 1 ! ^™XJL iJU-1 hJJJJJ^ J .jJtJI 1 JLa> 

ij^y. jUhJI »i-A J5 s^o^Jl Ji* Jj-1 jHr- ij* iiU—V\ J^i3j 

lj-^ i j£- ^ oUz*ilj .*a1u£- /jp*J c-UjlilUbM 

, LJI _J^! 'l i 

oUl ijb^jrffV'jT) 

i_i^UcJl iJv* ]£j*uj jJj ^ftUw frAt 

: ^V* 1 a njj-3-3 kljjJty ^jrv-bLg-L^ 5^5" |_J| 

j^juJaJI jjl^J1 j J!>U-)I1 j\ JMl^-VI ^ 5 jL* ^ t Ul^jJj-^ 

. AjUU Vi 5i->- 3 ^Ji AnjU.) A ^ JJ 







^UJ l j I ^L^a_J>J Ij 4 ■ a, ,hll O li i? .yT 1 \ J j^JJ < J£' ‘ jpi j Ll \ -lLjjJJ “ Y 

oLjLjJIj ljIj^J— i j OUj>U ejLall kZ^V L»jcu«p , i/ij bU ^ >,■**» 4i*j£. ur 

.iiJjJi 

j\ Water Composition *U.l <,_ SJ! j jJu CjJji U : j* »Lll &jlJ —T 

^Jl wiSUsjJl jt J£J Jit £r*3i Water Condition »UU 5JU- 

.(llelmer and Hespahol, 1997 ) 4-*-JaJl J *-lil Ifc *yi 


iiJl J «gi! J (T,T) 

Jam j^t aJl O-lij' .j^J^ ^*-1* *-&£■ o 'jjli sLil f* y£ 

^U^l? (hj*^ J**i <Sj^J 

* 

.oUUkjijl iiU- <j i-bJii 0j5^ oVU-1 

p« j* 

ls-L* J yjpj Jm* 1^ ^-LL^Vli 

j ^ m i q i ' !*1 ■J'l Jl C 1 J I 1 jl ■ ■*'' J ■ ■ 1 

J**ih j-^Vi J^LJI * OjJ 1 ! jl lp®Lj 

-iwJ 1 ! dUkl Jk&LiXj dw*- ( ) 


3 ^. Ji l l ^ *1^1 (Tf, t, ^) 

j ljJ>-jLl t_^>1jf OljLiJl jAAf ! i^JsjJ_^j *uf jlkd^l 1—-J jj 

J j,dAJ , L^bL-"' <w^.<*.>* ^ 1 | Jf 

■*l*r" t3 ^ ^■ JJ j^' 





JjL* iJI-LSl olijLiJi ypLt jUa-*V^ I Sj^£ * 

►Hi ^j* L>U>-1 Oj5^ l<gjt La+> -U-^'iSi ^Aj c^-5Jl 

k. ■■.■■■.yj '^Wfc4^ 1- _J-^jfcl*l L_^U J^UMI ^ V 1 ^ 

jljlh ^ 1*^ ^jlji jsLii^ 

^J-*^' £)j-»' t-aJ^ (3j*> j ■klyVl &■ (/Jlj O.XJ^' -V- 5 ' yS*^ 2=^ y^'j 

,*x* ^jj j Jj^xJij ( y> 

?*m l i.-J a Li. I .J ^ <L Lj.-J I 0*-^^ iJ Jp" ±_y^“ 

cl*-±jS3\ u™JTi ^L! ,JpL* fl-jl .,Vi H i-Lj ^IjUJ 1 ! jj_d i j_>- cjk-j-S oL**£" .j j_£j 

<J-^» i*LJl oljUll y» jUV Ja iaj j! J—-1^1 t£^J(J J 5t'N 

-j4"1 j oljl^ JX ^ jr*lkx^ ^XSI 1 ^j^jISn] | i 

4^NJtoh-S"Vl j j-^- j #-1^J1 j jj-^-^li **UL*i jl£ ^b oijUJI *X* J^Xe^j 

| A-d^jl Jwvj ^ S —^ J ■ ■ ■ ^ I ^^.I 1 ^_j h ^Jj Lj^ 1 J l^^-v'Jl i ^J |k 5 i ■|| J ^ I * *>- I Ul * ■ I 

.^iXjiiil ^a+> I 3 m.»i£ 1 ijJ^J J iXLljj-iJl ^ya_+^- 

Jjsj ilij <Xjt #■!j^gJI j ^Jw if U1 ^U^Jl OH tiUi-l iJW jj 

I sLJU ^ d ^j j jUa^i ■. _' ^^X - ! ,j juwj 

fl-j^JL ijjLJ’i .^^ju ^ EjXjfl jUl 4 m,V i i Xl jUa^VJj 

-kij ^a*j c-^ jJji ; S-frlijjU X^iJl sXUJb jXSci _p 

* 

^“^*4 L^aa LflJL^j olJLJl j_*J <^1^1 oL£^11 J 

[p j^fchv. J* JL l j '’I J h.■ l ‘^-^ h w 1 ^ 

'—£ -UJl41> aLJLI ji 1 ^IjpJm-Ji ;j j-jb jUo^Vi ^ J^j LtJjXf 

^ diJi ^ iiL»V\ oUlj-^j oWJ y> i^kiH l^JUjSL* ^ ^ ^5 





M 

JpjjL j 4 jO /t dL* J] ftijJjt* aL* OJkLwJ- IJJJXj jjjyij £j_^ 

.L^j oUj^sJ 1 ! 'wJlf-l jJ^ l£ jIjh^Xj^U 

^-ij jUa^Vi .j-» LjUJj JjJ 

.( ^ \ ^ AY 4 J ) *■ ■ ^T *1 >■ J] ^ Y * Ju^Ji 

*t—i >* £-*J ^ * ! ^ jLL^Vi Jjj -Li dJ-Lf 

,j jJU^Jw^Jll ohudl y-* j^£ Ijup JJ i£3}Jj jjJU*J 1 oLdy*- ij ifUU *«> 
eL«* L|^* ^J1 irjlU (J ^ ^jUl A™J ^ Lft^ 

.4jjl XAm /jfJ3 ^-r 1 ^ jjuw 1 I £ Ju^> i ■ J ~ l * d L^-obV ^1**J 

L^jjj 4JjJuiT ^Lil j dJJi S JUbL^i ySlkj , J uil Jit huJsl+J- 1 . a Li I Jjp * 

, j^Wr* Wr^ 

lL^> 1 .^1 U .y^ e^P°LdjJJ y^£ 4 

(Canada J J_^£>/A jJiSl JJ la-i* iJJlS* 3j—*■ J Ot £Jj-il y_* 

(pH) fiLll Uff oJL^j, -^J -NO* ji SOj Oljii y^ l$i>- Annual Report, 2002) 

►** ^ JlUWJ JjU;Vi J 

j SO^ jli jp^yJl ft J-Jiij 4 

L^jJlJ A-IyaJl O^Ul ^ ^ j* -J—l * lLL*£JLj ^ ^_Aj j>Ud^Vi &L%^ ijLi .,rt 1 j-l jLla*-^ 

* 

i^h Cpj^ l -^ *^A C^J «-*'jJ oy JI 

**L»-V' — ^-Ull ~kj\—^ a^\ — iJLsJ 1 ! Sjlil ; j^pUa ^ 

"Ji^ H ^UiJ ^£11 J*ili <r,i,Y) 

iJLubj r i™_^yJlj JtJlj lLL^jcJI oLJUjw 

- .jj-iJe* OjJZj -Lii lJ yJJ <™_JU ^jjLLl <Jtizj£- ^1 ^ 





^ >*•' J! <J^ >>* J* <3 X-* *s* 3* *jdj^' jUa*Vl »L. *3 j£ <~-~t} 

JyljJLl 4^JaJ\ ( _U^ ^bjU ^ 

J-jJiil JJLL iJikdl j cjLjLJ 1 ! ^>^-j ot r L*S" i jL^J'ij ol^ysxJlj jL-^Vlj 

L yll l i ■■_sIj-^Vl ffj'tjj J) l_luLjUlSI jUn-Jl! ^ Wq ijLi Ijl^Jj aL^oJJ u^l’i 

t5^ i|Jj *** 1 I J J ■ ijjiiJ ijtli-J l tLLJU 

oLulH Lf*,* .JJ&j jji^aJl C—XjJ j: JaJL* X*i J: 

^ J Li % ^ 1 ^ ‘ ^ J 'l 1 m’mfVWm < ^ j ‘■ l [ ^>^* 1 Lv4^V 

.aaW\\ O-Lil 1 ) oLid'i ■ g * * 

&\m** I hj^jjlll yJL. jjLi$ Ji'lJajoVl /j* jj^Ul <sLll A uU ' jJLj jyg- j.? "J 
■j-L* oL*j&t Jl jU^-Vl ^V* jJl? Jtj AAk-nJl oUlUaJl j j jU^Jlj oUa^^ 

j^-w ^ ^j?l ■ fi 1 i -rt 1 ^ i? l^- : jj^<^ t- ULU I i—J jjj C J 1 J J — J L £ LJL ^ 

'^Jtij ^Jl iJjj^J 1 . rIII JJj wL-^Vl .j-^ Jaii£ Jj 

1^.^ ^Jl 4^SL*3Ql ^IjJj J* 6 Xjfrljjfl oL*ai*lL i^jli Jlijj 

^Udl 

^aji j^ji *u ^^>-<r,tT) 

eL«* lT^ 5 L^l l ^1 jJ^ ij-* JarwL^- I ^ s L* 3 

^yar ..rt -1 i-3j-hHiSI CjLi^LJI- ^j-J- <jjpi)l fl^JL,dJl ^'w^l I _+l jj^bil ji'i JjUilj t\A\ tl^IjijJ 

Jw^lil ■ ■S l 1 J 1 J o J^3.J\ flLrf fr\ji}\ JLLf. L jUmS/1 

sUjsJJ ZsLL-j jX* 0?!^^ 

jJjJ ejUiaJI j!_^JL 1 A^jsl ^y>v^aii ^Jj-^aJ1 a 1^ O ^ ^ OU^ISJ ^i 





w 

LS oL^l£J1 L*j^ ijXs'j jj»aJI ^JL* ‘IjtjLj 

*(_£J>-Vi ^W\jJnS ^%J 

^ ^ H I* 

^ ■ ■l^ i' \ ■ — 1 \ 'rt ' \ C L -.kU 4 ■ f? * >*1 Jl I *— l^Wi.l 

j wJlJUl ij^ji ii. *^3? I oJj lijj jl^Vl tfLl'i (3 ^J1-Ul 

0^1^- L* lij'wCr J d^j!“l T-L^^aj fiUll iJ |J l^JlIL 0 /j£r JJJi 

J;jJ>J J'l .(Lamb* J 985) ►^ s t- ^ A -1 ■wJ’i-Ul \ ^a a LJLt 

el^o jJL'ia* IJlJ^ t 1 : ^ ^JL-Ulij V* ; \ #LJl 1 Jl *j j^aJl aL** a™J 

' U^aj 3lt-1 j+j (_j L^ij ,J-^ 

fl-JLjuiUji 4jjl^J^Ll 1 ! 3 jj^wail O'jMaJi flL* *LifcJl JL^ t oUpLl^Vlj 

3 #Ui1 JsJx£ j1jh**]1 

jT jbuJi 3 l^IaSJi ^j-j-^dJi LuLj 0 ljl i l^-j-U 

.(^Y ** ^ i i£Jbi*J0 ti^yUl ijjJ- * 13 
Jjj*Jl CJ\Jd^ r *^i^<r,i,t) 
^ osj>u? ia -*iji l^j_ yj fij^iie 

!jM> JjJLS jJffL> 3 *jJ^-lsll &Jl* <!*>-%* oLLj^ j^s* <U>j Jj^xJ 1 ! 

eJLP ^JLl* + (j-* *lj^ (JUJ\ 

t 1 ^ ■ * JjjwJl c Ltah, 1 ! ^_rJ^LU 

J^jiJil jLl 3 i^Jl # 

,O^UJl ^Jl * 

Lf^ t—J_^J1 * 

.^jjjJl ^JU-^ a jU. j J ^^J1 ^^1* 





W 

ouLil ?-c_L_^J i ^iidj oJL jii jo.1 oj jji 

#> 

yt i^JjJj ^ijiJl y> -I^LaS a *Ud y* <>-U*vO L^jJJ j 

jaJ) 4sL%j yn *j^- ^>-^’ (ji iS Jj-* ^L *J c-0*t y i WlaJJ 

oILLmII JJ> Sj-LJaJl j „rt a H --I *!'■ jhLS ^y>1 .,rt t jL l [ _.JL g *i ■ i ■ ■ 1 ■ 

■—<j La^Ut j i Cd JjLa y?L*Jl jiaxf j\ pi tflVl.l jl Aj^JLJ- 1 . 

yj—/* ^im ~.A.S J^tih t juU i |j *JL* i3_^ 

c-j t ijj ■ ^ o ■~'t*t*-w^ 1 j [ _ ■■■■■ i i ■ 

jjLks Livi-^ji t jL^J- 1 ! .^it- yyJ Jb *^—* Ai *A1Lj L^Jljji J ^ ■ ..^i JjyJ! 

flJLlj iJLdlJl ^1 L|i* yL> V ,*h1 a-Lt Jbu C-Jjjp] 1 ! AaJL y ajLlaJl ►Ijs^Vl 

^LSJI L^UjSU yJj ♦♦'Jj-* 1 «j**—** Jl oJjJl jjj-c Jj_>w.j yLkdS 

£_JLJ1 y* yil^dU iJjVLi-1 yj ii J *_iiadl ^JL^L*wl JLiJ .(wJUL^VO 1 

■H 

i -J—A 'l 4 ■‘iLj^ I ■ I ^ ■ ■ 1^ i LL*T III'* - J ^ 

^ 4-fcCrL-^Jl ..Sljl y* S^JjtI-lJ Jl ^-Ll£ 4JjJaJl 

£mpjjj ^ * iJAfc-JI) yM A,« * - jjlj^ y yUl *,■ * * 

ij-Liya „jry’V >^j 3^-ju JbS* iJ>Ua^lj jl^Ji *L> O^ 1 c!jL-#1j.JJ 1 yo 
s-L^ k^Sjju L* _^-> jLs^JLS jiiL.d-n 01 u>h 4 JjyJl ^dj y* 

j ^jLill ^jj^oJI 5 Jl5LJI *o ^^Jl frUl 

i-puaJi wUUiu «tn ti*jL“ (r, t, *) 

lJ *j - l!-i* ■ ■■ j 3 *'i uj L' .^ .^ I , Its ij"^ 1 ^■^ jt| • 'i^ ^ Cj~^ ij a, ^ J 

lu'wiLs^Ii . Lih + i jLll y L^J'jI^ s-UJ'lj ^i ijj w>L0jll «Jla jJL?j ^LJL 1 . 



g'JJ 


* o 

&JL* jjl **h>-1 l!t»Uj lSU' l jLf- 1ija^- L^jUl oU^IlJji 4J-1- .rrH 

y 

+ Uh-jn 1 1 .J—U*wj< <aL-hu ol»il?%i l l i -i«* ► oLiwJL 1 ! 

^1 ^,-1^ L^-duy jij_5^ jJai flUil j j^j-JlL' ^J1 H oLaJUdl j 

LJL^Ij i j _J-' oLwL^Jj U i .111 jj k^J^hDi Li l t i ^ wJ iJL*^ 

aLw* Lo ijU^i SjujI Jj /j-» AjC-'jUkiJ 1 . oLfiisil 1 . L* Jbj4 

* 

tr U I ^ •' ^»r' J "ij^i I -J 0^ ► kj \ 

JJ .Jg Jl j.jj4_^ja5I oL- 5J* .JJU L*sJ <-JJ OL^tSJ'l 

Jl LtlUdJi cJ tfU.U j J1 JjJU <Ls-1..,rt H oL^iadl Jrt *j 

J J[^ju ^Jlj 4jLj-Jl *w>- 1 JpuiP Jj^dlj LfeJkj-1 l ^ « ■ ■■> 

y y 

►LJL) LjLpJw^ LIk_^J ^ Soft Detergents ij**A\ oUSidl ^-Jj «UJ 

c-jpwjJl ol j^dl uj jjuj ^JuL ^LtJi ^ Ufcjjt 

.(^ UUoUj LL^) iLJp *ljUaJI JJVl Hard Detergents 

-Lt ^' w j j i >t,11 ^ OjL^SJ* i ^*' L ■■'J ^ ^Jj-4 

5JU*- J| 4_^LU lSjL^I iJji_*/3j ^Jc- JjiL* jJujia^ oLdadl 
oLSJo i j^i f* V * ^_J^UL Ln Ju* |t _^>T .1.^ 11 oUn. |^*{^T 1 * T t I^Aa-JI) 

^jr 1 ! M,rt \\ ^Ld^JL' L^» ( j3_t'i «Ldl L^hj i. L^wJU'i ^ja ^tJUJI i ' *jJ'- 

JLiL-uuJ 1 ! oUj^l ^t Zh " ^jl^4 jpfl UUI Jl aJb_LL 

^i^sj'l JJb-^J 1 ! JjJa ,>J^>W-J ^UtsJli Js-IM jj i Llulij mL- ?->La 1 _j_ftJi 
Jj. ,^>t.,ji 51 t-jj.,ji M 4IJLl J jjjlt *L|X* NaOH wjILjI Ja-wvlj^ 

w^JLdl j^lJ 1 . .,rt \ \ ^jA ^jjAJL J i \* jJ^JJ fjjjj Jjij* <U£-1 ■ ,rtH iJjjU^ 

ki>jJj Jl JUcaj t O^shJI Ji *jlfr jJ'lj IgAAlj^ 





M 

11a l}L La^-V ^j(w JjJ^ djjk> Jix 'J ,3lJ1 Hw —j iLH 

jLSsJ^ij ^^Lm^JI JJU 4_LflJ oljjb ^ JUJ) 

^ *1 ■/> 1 ^ *LJj * L.JjltJli sLJlI J|_*^ j^»Lt jBjJjjjjlj 

cA^j- ^y'u kjyy o^L£jl ifrj-*^ Ji* aj jJLo iJL+^S" ol^Ja Jit 

j i-L-^ {P,C B.) Polychlorinated Biphenyls oJ-O J-*ull <jLJ 

Lrf l»*^ ^.1^ ■ . L j I .S ' j' aj 1 1^-JU^L^U-I 4 J ^wL>A* UlU(" 

^Ja^bn^V '. '. ■-'^- ij ljlp l J F V4-- 1 ^ L. .^-<-W-> jJ_M l ~ l . ■■‘J ■ ■ ■■ ■ J ^ BwtjwLwU J \ h^ D'lOXltl ,^/w-'|-Jj ' 

^ LjJ ^jJI * „ j ., rfj ^JLji *^4-L*^ oCSjU j-* * O-l-C-L 1 ! 

WHO, ) ^1*,G ♦ JJUkXS Ol^*» \ ♦ fjb *U,U 1^4 *lj^t O ji Olji*w 

.(2004 

w>U*Uj iLll tVjU (T,i,^) 

aJLLJI (_)PjJ-l JUy 3Lt-ljjJ1 oli^l Apoliu, AJjJL»-I oU«!l1 

ol-L^ll ,v» ( _^Ldl LuJ jj i L^lJjrJL^ ^ il)L*J V\ *_J j*J\ j£j 

^fjii * oly-v- V • ^Sf- j—ll Lfci J-Uo ^J1 2-U.1 J^aJ JJj Jl Aw>J' 

Clear ^JS (D.D.T.) ^j£->- JL«^ i^Ss^VI SJL**il oLV^ 

tjnJwJ^ 0 T -^- ;^ aJj flLjJ Jbu^ i ij^lllL 4-J^- 1 h Y ^JjO ^ KJ^'L-fl-So 

£ iJL* j oUil^ y£j \\* " jJiU ^Y 1 ^ J\ LJ1 jj (5 ppm) JJ 

oWaJ^lL aLJlI jJj JJ i-JlLl pLJ, 1 ! J1 ijj^jl_«1 | i j_4i 

.( r Y**l ^jbuJDS^ljjlt 





^ * v 


3-«U <r,a> 

Resources ofWaier Pollution 

4: ) LJj jJjLaJI fiJL* , 

^< f mr 


.^UiVl J>^-t 

sljjJUM “ \ 

j\ ij-^^ J-C- *LJU ^j^uUaSI oLL^Ijll Aj& ^JLX> 

ijj ,45 f- f' l£_J ■■■•1 ^ Jl—WJ il *1 J*v 4 Aj ^aJIaJ 1 ! j'ljil jL JijI j'i Aj- jJU 
^LiVl pLil a^. jb. ejLj J\ jl*V' ji >v 

£U.Jl .j-t ^^ l| 'i'jJfcJl U 5 " ■ aU*LJ 1 Jjfc Uj^ jt i>UU 

J\ t —■‘ , i,J,l . La i *1 fl | !■*■*■%sO l. .■—* La* 1 .J L? 1 J—?b AJ^^J-J 1 

ffij *UL1 ejlj-J- Aj-^J* y cjil^ji J-1 bf L^lftrlrT^.l 'i Aj^aJ^ 

. aJ-Ii ^> i LjL 5 Ji Jl ^^3^ 'AUi gJ^j 1 

^ 4 ^jJlIL; A-JrljjJlj 4 _frU^aJl ik^jVl jLjjjL j_h 4 ^^J=]\ iJUfc L_«^ 

jJLfrSj 0LJLI J j AaIx^JLI i^jL*r^Jl J>1jJ^ iw^-jpW L?^Jd ^ Util ol^Ja^Jhi 
^ 1~3 ■ ■■ 1 *)J*1 fl I ^ fl!.SL rW -‘. 1 ^ \^ l| ^-Vl_J AjJUlL 1 

^ « ■ ■■ ■ *il J] ij A*L*Jl oljJLaJl JjJjJ 1 ! .JLjhj. <GLa^^™*Jj ^Jl'U'i 



-J J' 


WA 

iJ^ 3 ^ J) i$*M J Lf^Uj oU Hg a Pb„ cd, Br JJj* Zj-£ jpJ*lji* O^j lil 
-lU^j wJaJl JJU frUJJ i-AjiJi i J*3jv ^Ju J[ jJ* 1j^V 1 ! 

^ jplj ' _j| <-' « % i . ~ > j| l i 1 l—J O ■ J,dAJ l.i H^ ' r^LwW^ JrtP 

J! i s^h. ^ J! ^ i) &M ^ 

*.J1 c Ja; L* 'JJu j- ,jcj jtaJ -Ui j ,^p*J1 &jUJ_j* *\S\ 3jL Jj 

i^wJWJaJlj ^*LiJ-L tJu oUiXv^ Jtl Jj^>w lL^- ojS^SJUi 

w'jhUS' “V 

JfJ> ^...._1 1 <-^*1 oLjISJI jU,>_)i ^JjJtJi 1J_* 

L—^LaJ-'i jj jj-ft <j *A'i oLjISLSI c-JUt jJuajij .iLH j oLJLiiajlj oLi^Iji L^£J1 
&-L* 4S l L^1 .j^t 4 i OloUJ^M O^JaS Jp^fcir! 

ijUl J-^U J^- ^iU* \JiJ 0 ^ yj,1 oU"da-J,1 ijl sj^iL* 

JLjw oUwVl J-i *ULl j Xt X ,^*1jjJl ji iJj^oJI *U 

OUfcJLIjlL JJ&1\ JjU LL*lflJt*lU iJL'jbJU 

OjU! -i 

j-* ^ Uj-^ iJLft j * ... -u * 

cjUa^lj jU^Jl j oULiJi aj^a j\ j^j-^Ji o^l&Lil 1 ! 

Ur X*Jajl ^LU c^'Ul^ j jij>Jifl Ll>jJd-1 IJl* V ^-JUJI jj, 

JjJoXJ ^5 jjl A ^1jH^Vl J^-I' <1*^; 

Cj,_,n H j-1 JbJbJ^ Ajlil 4 J_jUj _U£r Jl 

) ijill?!l IUJ i^JljjJl oUui- 1 ! J 

,( f mr itfl ^Lj 





( AjijJl aLH ) IfJa .-Jl oLll wJ jiJ (T,%) 
ftUil 4 JLfc o i-i^l hLjhU ..J 1 ! a Li i 

^ jH * 

L*5 .oLk^lj jUiJl akc c-Jjji L# G1 2^£J1 ^ ! Ju*- \ jJL^ 

*Ikl ^ T .j^* j 3 r^a /* V ^ !jv>- Lf k*J * Lll iJjja« jA 

*• \' ■ ^ ^wJU 4JI y wJ ^ ^ -flLj” ^LwmmJU 1 || i ■ *1 ^“1 ^ 1 £ Lk I £ Jjtl I 

Uljj,)^ Ubki V^' ^lyjt *L1 j-L^Jl i^V s ^ 

£ljja>-i ^0 *LU a-Lfc ttj j^ jkWU dJJjJ ikkJ’i Jr* l* jt^J if-LwaJlj 

lLLSjj ^ «iihH ^jCjwJ-i j. 1 .,irt 11 IJL^j jlj-Jfl VL ISjp^Vi d-^V 1 ! ;J ijln^uV ^ fjb 

|Jj jj^j'l ijLft J^Lv j! . ■3 > Lrl l | tf-L^ ^ jt i^jjj ^fr ^ij 4jailk,l J ■ n <^ J Vl^- < jj* 

\ i? j»^ ~T m 1 Ii 1 /T■! I 1 ^■ | TJ i , ^ *Jk1 ^j 1 I 

Sj***^! bj t—J jpha] 1 ! IaS" i bjlU olka**l \ 

j^\ -,rt ll JLfJ | 1C *L_j iff fc 4_jii b Lij eLw-J* 

J] j^Ll tiJjJjj kLijJl ji 'L^S jL^Vl .U is jH\ 

JjjJi j (JLJ1 j i^-UJl aULI JJlf> 3 iljjJo- 

' Aj JmJl flLLl CjUjJL ^ft 1 - j 
.SJjdl - ^ 

.SjfrU^JI oLUiil-T 

VUi 1 ' " T 

.^1jJ-l i±j jbJ! -1 
. JaiJL lLj jiih — * 



j j if jfi «>>f 


.jUtfU^l-* 

yun *gu <r,vi> 

lIJJjj oJLhJI LJ'JL 1 . ^j--JJ S-JjJlU j- 1! j^JJ LbLa ij i ...^ * aJLa j ■ 

* yJL U k_ i* * *> 

^■wi^VJ oVwaJi^ ( 1 

*1^2^" X U ^x . - — t <JU1a 51 ^ljJLlj jljJll 

sL>- j iiJubj * jt^11 j ^U-UxS * W J <_jU11 

K—jlJLi 1 ! L« js*- 4jIII rLs-VI 4*Jjj 

a JL& 6 r .j ^_j!jJ,1 Xuuij cJj bl 4ji kj^^ail ^y*j 

d (Lamb, 1985) jt oUU ^ o^i^K SLX 

* aJ^UlH oU^S^ il XjXs*51 jl^li J-4.XJ SjU^ 

• 0_I“^ kaJ'^LwJ Jj r J" > i^ T ^ I I — ^ 

i~M jsil jtl (V 

, J^L-Jl j j-Sj L*J? LgJX£j La^-^vj ^r ^.^J> Vi i iJljL XjhAa]!* ^1^JLI 
JJL£ JlXj-j .JJUfcJI ib J^jil iJL*- j L y .L * i <A£jJL1 \jj&j 

j. XuUj 'ufcjjiJj 4JLflhj XJUi'l -S*jMI iuJl Jl <-_j h rtT LjJli Aj J „rt * ^1 j1^1^ 



i-jJJj Disjsl 


fl-Lji 1 ! O-Uj 0^ ij?* ^JiL* ijli 1 ! t^jLi^rS/lji ja 

si-^Lil cjUUJI.j Lg^ jJlz^ oUcmv* ^Sl 

(SoJUii iljli) juiUli ^^uS’i (jt 
<-^U,1 <Ju*M *1jJ| L |-^ t ..J-**? ^IjJhl 

d» 

k— j jpt-jno iJ-Lt- i^-jJb jXJl IJwft J_y>L; Juj ,v_J-L»Ja3^ i^L^LJ 1 ! ^a-J Jjjjj P M±i l l 

* 

wPlJ ijl^J. 1 ! Jl J 1 -‘ 1 11 J- 1 L^j 1 , I ■ Ijh ^ j I I ^ 4 k~‘ '. ^Jl *1 I Lf L^-m^ 

J-l^w } wJbvk31 o JLfe O >jm£ l»JU* j-jUl iJUJl i^jjJS dJJ XS s-- r .‘ J > JLi jl ci—Jj*iJl 
(0*J\ C5^-^Vl j ( j f d _Z dJU3 Jpj^ ^XJ^j ^UUhi dilf^Zj 

l^yyj JU frLw* j NOj .j^ Ju)1jJ! Ulll fL?“V 1 jXj 

j-* ^ j ■ mJ ^ jJ-l 01 oLjL^J 1 ' JJUjJ jLitSfl Xt <i j 'Jft 

.(WHO, 2004 ) jd / fl\ * jjW V *V* J olj^J! 

^ LiMi J 1 -jll (i 

^1j-U *Jwfe ^Jjf t JLiiUJ^ J^ijJlI ^liJjLfj ^j./q 

.^l rt 1 1 jsLX jljjiJ ^ ^LiJ 

J&\ OL*-*-* ( _* 

ti. is. 1*1 j, ^ \ 1 yfcj'i jj cj^i h rt q 

l g- . - X ^J 1 ! (oULiUJlj ) .^^>1 jh*SW 

XtLndJl OUlftJtl (j 

I ^ JU* w ,Vl ULA Oiii jJL& 

JJLsiiJl oLJai* — \ 

.(^T 1 *1 t JJaJ i) V, 1 ^] '[_f>- 





m 

3jJa^ LS^*J Wjr 1 ^^ Jw ^ p w /jA^! 1 V^.J^ 4 C- ,l '-iial^ — T 

/ O-U 1 !_^^sJU 

L*U- Ua.; t JUjCL*u^ 1 iaJUJ 1 ! OliltJj JiX CjUliL* —T 

1 < 4 **^ Jj!--* Jj—U j & aLll lJ 3 O^tulaJLI aJLfc 4^ 

pB 

_»^ n ■ Jj jI^IjJ^ oLf jT l I oj **1*-^ 3I^frj .JjJXj V oldiaiA ^ ■ nrt > A j . ■^_J'l JiJ '| 
4jU> VLp ^jL^l Jj Sj y^j}J\ L^kJ 1 ! JJUwJ y*£^s oliki l i aX* 

eLJkl j l _ s JLlj j^JI oLL^j^jl j_* jiiaju Ob OJJi 

^Jl ■" 1 ■ J ^ ■ - 1 ^JbiLL^J Oawi oLV^Ji JjwJ 1 ! ^Vi ^ > OT J! tLUi ^j1 .AJj 

■ yd. ^ L fl ■ in -m> 4 I 4 f - 1 ^ 1 jamnAj Ij L_J 'Ail J^dj I ^jAp 1 L ^ Jj| ^ 

W ottjUi(r;n,r> 

i iJbJi j^jll oliU^U aJL* i£_f£ 
eLjkl ^JiU fljrttJ iii-* 10 _^jjJ 1 AJU i (1 

*-LjU (_3 I i ^ !_j| I ^UmJJ 4- 'i^ ^ ^ L aLj-J 

.frlil JjjLij J-Lajj 1 

J^JL^i *iw y\ ^3 V »UL1 J UJU ^JLS ^Jb ; *JUU- (^ 

4_vl Jh ■ ’6-b^^‘^l I? !— | f ■.< ■ ■.■ ■ j^^J 1 \lf^W J L*>.■. — ' y i k !■■■.■.■■.‘ ^ 

<-jUaii j, 1 .,rt 4 ■> j 4 LlJ ./T H ^- 1 ^ 0 ^i-= 

JJLa 4 »alll oUUlSl jJ^bJ 1 ! bl ,^Jy^aJ\ 

* 1 SjA wJU*JaJ^ 

ol Jwwi i j 0->L^i1j ^LjjJLiSIj y i J—* * 4 —(^7 

fl-Aj'l^jljl ^4 l J—t- ^ 'rt * J^Lib J*.y^ J L l>i^jfr J 





\\r 

i * * 1 4= u^Ju^JI ) -Oj ! U-*£ oM^La? jJ wlJLU jJVi j|",i .iU 

V™ r 

V^iottjill (T t \ T^> 

y—P 4_^-UJ'i jIa^J 1 ! jIijJU J.-? »i — \ ; kljljya H JpiJi —m 

*j ■ i L rt * oLj LL>L_a1j£ ,\ J'._i-' ^__fc L^S* sLJLI J j_J j j*_JJ L_^w_w_J ^ U,rt Ul 

J*JL£ [jl- rt-'l 5-s^l^Jl ^ 1 ;Lm ' yjH! Oj-JU 1 ! JF ^i *3jj—]\ 

* 

.^jjajl jJJ *>Lk* 

frLU J <^JJi oljUJl JL& L#L*t ^ljjl \£j*i -Ovljj *i_j ^,»Ja)i — t 

o\jt 1*1 ■ ■« 11 lJ l*—^ EjjUsJLI ^jj).,rt oLjSJLIj HjS Ji* 

JJU 5jjL*-j£J] Jl L*1 SlJaJl ijdl 

Ijll ^ j^j ^ %isJ Ziu Na, Mg, K, cu JLjJU- 1 Ji* AjUUlt £^ta*Vl 

.-Lw2aJ^ 

^h... U iJLSjr jlij_ll .Turbidity SjLSUJl -T 

*jU^ ^ JUJI jJI Vlu-JI O^U^SI ^ oUUSl Jljji j-l^j 

*lu j *j^ji iUi ^ jjl* l* (oj_u) j ^j*}\ £U> jju *ui 

eLJhl ji Sj.L5^J1 irj_w3-J*> <_iJaji l J—^ ^JU iiLSj jj—^ 

il j —Li oLaj L-n oL^ 1 (NTU ^ * * ■ ~ \ *uptW^.. H 

. (Lamb, ]985) ijjU-1 *Ul Jl 

yi Sjloli oUl£ ^LaJJ J^au^ j Sjl ji ~ i 

iylLl tLp-V^ Jrt *j j jJjj Jl 





Hi 


(r,VT,Y> 


( pH ) :j*r jjJ# 4 l Jaf j? **3 - ^ 

Ji» ^Ju&LS j'i y . n . * i j.«—g o^i v>l_^Il ^UU ,j^l7 

c j-* iiLv»l Ojg^U ^Lx>1 J^Ihaj J|lvx*j 3 -Aa»»V^ ^llij 4 J'*^ 4 

^ »u\ j} «u.yu uui *l>.M\ ^ .ui p h ^ j *w j\ ji 

.4—^ iLfe J L,rt 41 1 iJj J ljj!. 1 - L*l . i ■ i^A-5 

#■ 

^JL* ^ : A4h^ I i>1jJL^ 6 jL^} \ ^p4 <A«oJj U^J 

|4-H^ J , J^Jl^r 1 ! Ju^Mll^Iji J Ju-X^ 

4-aJ ^-fcj ^ ' 0 lJI ^A>- OjdJ' l l J L>j-i (3 

. ( Canada Annual Report, 2002) ljj£ jL?*^ JiiLLi JJ j * LjLi 

4±j*&d\ Jljil — T 


j'l jjT k's^ilLl 4-frll^Oi L-J L 1 1^. M |jr| * jW* ' 

<-il^ jj-^s 1 oLUJl &»i_jJ_j + um ^3 Lf Xt 

: ^ Oj-Ul ^ 

^■■4 ■* tl JwH—i/1 JjU 4 .^..yi Jjil^*Jl Ja4j JjJ^J Jr^^ 1 ^j'dlij^- (l 
al^Ll Vu J ^jJlI a -L* \ 4^4»j jJJJJ w l ■ ^a-AJJ I j 

oLjjjI J|JU 4-jljp^lj 4 -*jLJI CjIw^ISJI ^Jfc Ui 

juju -vsijui ^ ^jU vjjji ijai tji j uai 



i-jJJj Disjsl 


no 

~ i.in “ aIj fiL^JJ { BOD ) 

^JL BOD 5 ^ Lj -L*j £,>1^ ( ^Jlj BOD jL^Vl *Lh« 

,(1M JjjUU) (Lamb J 985 < fl ^ <1 o * ) 


(Lsmh ? IMS t f 1^1 *<^1) .BOD A+J 4_—J- »U lJ; nT .< 1% 1 ) J>iM 


( bjJXl 3 tyr ) BOOf 

j^V> ^V 1 

Jiij' ' 

# 

Ij^t 



r 

U 4^- jj ■_ *>■ 



a 1 j [ 1 • 



ol^JaA^J- L^^Jl hJ^_j_ 1> O^i K*\fr M^ay 

^h«J Uf t J l—jj Ji & ^j| ^_£0 ^|-r| k 1% 11 Jlj 1 ^J'Awv ^ 1 ‘nil' I [ {J^S 1 ^ *I_J 

JJU ) iJLt J[i* ^JJ ^JIaJI ojLill oIj 4jlil j.Vt * ■ 

jjih IJLai Jii < J L J yL_-J- l i u 1 ml j^-1aj jUJU * sJJU&Vi .j 1 JujJ 1 . 

kLUj L?Li JjjOwLvJI -l u^ .-i-l Jl^jJ JiJ^j ^JIaJ 1 ! 4 JUJ j^jdj^S" 

, r cj V 5*^J j jJU eUil IJi^ 1j-^Jr - 

k^Lj-iS* ^1 jI jk«Ji JJL^ 1 ! djlj jkiJIj Ljpj^LJl ^ ^ 

oLjjJsjlJlj l^£Jl Lj; L_h_JTjJ Jj IwIhjLS" *bj ^ ill j*£r> jlji! 

oIjLjJI 4)_c jbjj jJJ Jw oLjUJJ jl^jj ^hr^JkJ *Uj .,rt ■ U j- 1l*I‘ 

&JLfc <j s-l^J 1 ! 4*La£- (3 '—Uj- 

fl_JlJJ 1 -^JLllSL SJU-I sJL* ,^-J-^ 3 ilfljj .i^jlJill JUjj ^ .tijULJi 

.( * * 1 i ^Jjk**uh ) Self Purificalion 















m 

1 }LJfill -r 

j-jljJl tUii iJiU^Jj IjJLA* '■ —rf ji I j.J,*: lU 'w IJli J*l 

USjXij &JU l^U^i 3 ^Jl UJj aJUU frU>-^J ^UJlj jlUN 

f flUll 3 *■ iJ-hLaII SJ*_fr OjUI * 1 

<-j 1 JiaJ i ! ^^UJI Ztij Cu a Mtij B Ji* j^UJl .jjW v .i-Slil *U- 

'JU>- * 1 u ‘ c »»i^ O 1 fl ■,rt," f f j *yjL*Jl oLiUflj iJlll fi-L>-^1 

,j J.^jcUL Cd ^jyoUsJl j**ii -<*U 0L^U £$r*-* ij^ UjJ >J 3j Olj 

^ ^■‘/^ ' Wfr 0^ -I J ^M- H L> L ^. M..., % .,./ ^ J 1 ^fc- 1 l 

4-flll rU^V^ 3 ' j y Jl^ *L*dls- oLv oi^-otj Oli L-hnfl jJIJi j-JjJ 1 ! 

^ j] \ j^jIj o ^ 2lU*^V t * -LgJ *jl—J V \ J j Li jut j jj L#I ^ l j-^ j 

j—fHjJ JJ-j>i ^L^V 1 ! j^a -UJUS1 O—-Lilj .(tJuJIj ^UjJI J 3 U Jl 

^LiSji * .JUaw^I 3 J^ljJ ejUj -F ijU^V <1 JttJ t 

^Jl ilUUVl j ^j j^L*jM jj? jJ J iJL* jl (Hashed, 2004) JL^-j 

U-jJI 0 L U_U l ;ij : , -K J l «U* k^jjJj 3 

3 J ^ l i^Jl j ^1 J ^y oL JiS ^J^-I- j ^UU 
OjJiW ^ 0 M i T * j *3 j 1 3 J-Ljd V ol w^== ilL^Vt 
^lj jJ 3 M ^ LitUdJl Ot US'. (EOSQC, 19^3) 

Organochloride f^-Ul—? yfU 1 - 

1 L^> a Ji ^ ia^4 Cd v "^ w*’^*' -i insecticid'Ss 

''^; J -|^ J ^1 1*3 ^ J J j y' 3 ■ m 1 1 ■J^^ 1 ^ 

J-ajj i j_i jjU .1 jiUL'i <_jUjJ juji .flUu jj^wv^ . l (iUhj f jjC ^ii.W^ 





UV 


4^1^ 4jU,1 &LJ~I 4jJijJ i i oljL^Vl ^11 j-JhV*i 
h W\>* Jl iSL***V^ 3 ^k>w i^ijl j^a? j-jUj 

-i 


\£ 5 ^j i^i_* ajUj ( j OljXJi ) NQ2 tNO^ (t 

3 frjljjJ 1 ! aXj* .^LH ^^ - l 1 3 i ^.iij i-Jlil t^ULih jjr 3J 

4 * 

^ I JL*Jl * ijji y 'l e' _W 4 ^aJ? -Laj ^ Jul ^LJl V«aJ\ 3 Of *£tJLa 1 jJu 

Utflj^ol yw £-%*Vl a-i* ajUj >*Ul kdjjJU ^1 JjJfc -Ai 

HF 

^jJ* 1 ,3 JJL. ^JJI <^w? NO2 J^Lij Vd*, f-L>-V^i 

NO] Jij_yji .ijljyJ-1 J?ldj Ji-Laj Ur 3.41 3 JljI <it- 

- jLiJs^l jj jj^-y jLit^l -U^ y ■ k ■ »*■ * 1^1 3 ^ ^ ^ 

L I^FV* .,j* J I >-^W^->J £ JlJ NO^ L |J| I— ■ J l^ r 

. (WHO, 2004 ) Jli&sVi JJx <jj^Jl y™JL 1 ^ 

l j-f- e^fjJ j 1 j Ini ■ U 3j^ j-® (^-j 

lylil oUil^Jl ^^jyS L*L-i-j-iy / pi j ^ l^a T 3 * 

+ J ,'/?, .. 1 ! Jl 3**^ 4- .|:3 ,4 » ,! I rJ^sf* . 'l $1 1~*1. fl . J l C^ 1 

4ylU *U>-Vlj IIL^wwmS^J ^Lv™w* j\ JjJi* AjUiXdw*^ il - V -l \ 

jiiJU O jJlJI ijl hJJ 1 -^ ij jJ 1 j 4 ^J O-JhjfJ jl .'JLvj jU ,.-1 jJaS" 't|nJjLj JCL^- 

iwjijJl L«jw> 3) ’ L ^-^' ^ILj^-ujI j) <_£43i 

iiiJl ^L^l^-j!. AajJ ^J'i iiJjOl i>t-w #Ul 3 

B 4jLaXdw*j 





1U 

jjL^lj Jj—LiUji 4«tLjL5l J^eLw oVi ,rr — * i^Lijiil 0 

i ^wdl oL-^-yJUj ^wJUjj 0U)Vi Ji* ^iJbiJkl iJlJJJl oL^L^JIj 

^y> lj-*Vl ■w_^™J- ^Jl j ^u 1 )j^-Lj O^L^a-^U e-juft 

oL*LiiaJlj i Uj*^J 1 s-Lfc i j_a i *L*3-SW 

teij\ oiJjUl (MT) 
s*jW£Ji s^i ji (T,iT^> 

ffLJk L±,-jJj Iwwwv^ 4 J oi jaJ'Ij jl^Vlff oU^k^Jll Jl eJu* *3^ 

t f^r* l. -.h — * ^ ^ ^ ^ ^ g vj — ^ . - ■ ■ ' **jl' I Jk^ ^.rt * J l J I -fc- *5 . ■ I 1 J 4-l_iSj 

fr t S M a 1 -'V^ . I -O; l *■■>> 4jj ^j J 1 ■■■ ■?^ 1 < U 1 ^ V 

* *\T\T CjbjtajJl) aU^JlS t-H^-J IgplSj NO? * NH4 L$J 

.(^ ^ ^ AV ^ yl>. j*}\ j ^lyi 
6\ otJLit (r,\r ? Y> 

J 1 J! *j~~ r,[ ^* ^ ^ 1 ^ Jl Jf->' dj 

LgJ^L^l jl oljUiJLi | ji j j r il .jjjip yt j] lLj'UlJlI j JL§j iiJ i^ l ljJ P Sl u£ j-M^Ji fll** 

ftijfe y-*j - ^Li^c-V 1 ! jl o l ijAJ- l i j*4.jUl 5-JUt Jl IjJj’La 

ilbjjtf J*v olJuJJ &Xb Jav Oji^jlil _ y^Lr*ii-jp _ ; olJuJ3 

■^i—Jioyi 'OjW11 L-J*-Jl— W,*1 _s L ^ ^| ^ r -.».--^ - I d^iju^JlL iJj-A^ J 

.jLJVI L^wUfr Jas£-1 Ctj&J l>*U^r ^LjIj 4*J-l oljjL^Jl 4 jh-«J1 jJ 

L4™vn^f it l L*Ai i v- - , - ^C o*i ^JL l* ^jjJJL 1 ! iUL^ oli 4 ^It ■* 





ljJ ,U v—JV Ji ajwiJH J-^ljXSI »JiA .(WHO, 2004) lj_ r iJJ 

i^jVl j Uj£/ S^LJ J1L*^ V ^^11 j}Vt ^ J diUi-U 

, J ^ J J ^ ^Ji lj* ■ <ij s j 

^ji>i ijUl (r,\t) 

Ur ajUI oUJa^U 3 4^-UJ1 'i^j^pUisj ^Udu'i j4» ^ySJt 

tUiEs-^U ^U 1 ! ,J»4 j_* .Igjhs j 1 . JUJllI *Us-SM J^Lij- JkJ-1 iS^.jn 

ijJdi J IjjLJI JL^-t j^4 ol-Ui bis UU 4jj1 j LeJL^fr 

iJj-Sjj irJUJl Sj.l^i-1 ol^-jJ jjl tl^-Vl ^jlfr ,j^ 0_^iJ r |_^ 

< JJLt *j\ jJ-1 uV ' hs^^ - - ? j! S--a 1.1 ^»w«sVl _y_^ f^ J 

G frill JJL V jfi st-^ -i_3 

-{Lamb, 1985) *111 j J~fSl *U-Vl j}/ f l^>JU 

JftAJU ^>51 <M,*) 

jLfi If oJjJl aLJL1 , 1 >j ■,.■? *J1 jlj_*JJ i jJ ■■'T il ia i 'J I «Lv 

I - ;'■ -hi h ... LI j L|JU1^ ^j.Vt *1 j>“ '—~? VVm i J Oj£"> 

ij. dUaJ’lj jlstJl J b jSj JailSL ^~ x Uls i*U JjfluMfiJj 

.(^ \r^T l j obj*J0 j\ jl^Vl *U* 

jyfA\ <r,vi) 

obiJau-Jj U.--- I V oUjjSUl'i s_A-U>ijC i^j_lxU o-JiaJI .gLJJ 
1*7 a 4 ^3- j jcji judUjb ) j^UmsJi jtui'i /+ *; ji ^jsUv—j 1 i j r i b ^w^jpi] 1 - 

jl 1 ! l j«- ^.>*1 f jjW 1 * i 





n* 

>3 oOJo-til ^LiJjl lJ'I L*-£ .^jJ-l| 4 JLJLHI ji! AlfL*Jl a\A\ j lLUj jIjJj* 

.sjulij aLu-V^ 3 l£ 0; v 

JJJhB ^-JljJ^L.; oJL& O_frSj eUil .j,fl«; 

■oK L ihH sJL& jLj- Sjjj- JU£J ■ "j ■ .fT *t£ oijp-lj oLwwi^i Jit- 

H+jfc'l ^ £Jjil O^JaJ ^,-IjJ A^lfr AjL^lj 

L^ 1 -^ Jl lS i/- 1 ^ oU-j^ilij oULikJlj i 

.(^ \T1T + <-^b jjJI) ^SUl j JJj*LJ^ J^° (j^llj>Vi 

Acid Rain Jal! (f ^V) 

^Jl! 1 jJall JJ-t- Robert Angus ^Jl*J1 jj*. Ijl* Jjt 

1 * ^ ^ V Y J o^ h^Ji ,frj l v^> jjif'i L'* ijJJj ljLSj I^lI^'i . £Jb ajJ-j ^JLt- 
iJUJl ^C. ^oVl ij cjA JjV 5JjJ aI^JuS JJU aI^JL* Cj^J l 

+ (fY**r 

4-JLa^Ij ouja^j ^jUs-LI _* jjj'l.,rt tU ol^LJJI Sjl* it 0| 

J] |^i> SrUU ji\j£ CiljljJl J-Lfc j J. ■ ■■'^1 ^il y 

Jp^ Ji jjsll pH (*-5 .J^Li^-l J ^ dJU^£Jij liU/wJl ijLJ& 

f 

I l‘-j w»^ i *" ^1 I •| ,, ' ] ~*~ U^b-M £ 1 0 i J Y' 1 ^ ■O 

<«i-jJL ijJJ 1 . jLL*Vl eL* L*t .(Canda Annual Report, 2002) <jtUL1 lLUJ J ^L^tl 1 . 
^ll H^CO^ L|^1jJaj j CO 2 jLt oL*j-i 

l—dy n^ ^ <* 4. ^ f® 1 1 pH p' Jlvdji* C>J ^' g > - Ijlkdof 

^yg.4.-*- 1 jkll ^c- j^Xli L»£ < llhJJLC.j ijfUl j aJULI lUJl j 





^ Y ^ 

j SjLj Jj l+JJJLS 4^jJjj fiUll ,j 1jJJ 

i&jzS ioU y\^>- U ^iLtl oLSwi jrtj JujU- 1 ! 

dL^SLSlj \Jj$J Ol^ii>- iJUl o V^Ullj 


2 NO 4- 0 2 

2NO, 

HN0 3 + 

hno 2 

Nitrite _- 

_ y Nitrogen 


Nitrous 



Nitric 

Oxide 

Dioxide 

Acid 

Oxide 

1 W + O-, - 

-► ?so. 

HjO 


J> □V7 r A^O 



2H 2 S0 4 


S-Dioxide S-Tiioxide Sulfuric Acid 

^<r,VA) 

■— m K 1 ] 1h^ 14 A U ^ ^J| ,|* I jJw'i 

L pa-M ^oVL>- jl JLij R <_iJt>tl1 LjjJuJI j 

JLSj j^jJj ZJ*m SjL^j A^wo^ 

^Jl <*jJU JijJ 1 ! oIm^ Jhij .Lftoiip J* O^fb-T 

jt i^JUl oVkt’Uu* OjJhkl’i 4»PjjJ1 oUwaJI oLpli .j-* ^JbJl nL-i 1 ! 

* ob j_jJ 1 ) A£-L*aJ!j w-wLJl J jjL*aJL1 j <jjJJi 0*1 

.{^rir 

Eutrofication ^i*Jl (* ^ >') 

<U ^ UUiJt ^vtf?UjJ ! | j.J,» i dj'^J J^l'j 4_JL*Jf3 Sdi Juti 

Jl </■>>' bjj-U a-L* ^ V*^' *b-Vl J*J 

^ ijLi- k-_JUJ^ jij i-Jtll cjLiLJIj j!jj_)^ 

^ ArttijjJI tUyuaUllj aJjJlI 4-UV(_Jl5 Jwj'lJjJli 

.( * * 1 £ ^JLpuJI ) j ti ■ M Vl >1 Jbt^u*! 1 . 





U Y 

GJ-LmO.* 0^ *1^-* *3J l$ ■■■' ^J^Ji Jjjj OJijaH ^j+ 

i^JjJ 1 ! *Ls-Vlj Lp^j^JI cjo (3lj^ O^ 

P-J '^3 ■ ^ H *Jw|j4_Ji '^3 1 ^ 3 ! W*4 iXflJ 1 i_^_jfc^"~l _J» jiw s U 

-jU^Vi 

iw_w (OjJll ^ ^jp=r ^ ^ ^Ja*-j,i gi. js£j? *■**k3 

oUa^ aUU ijivaJ ^ ^JUj 4 Vj“*^' *^1 jUwiwHul ljjk±- 

^JLJi oL-h—i L 0 I I^lJI| 5j jia^-j rtLil j S^Lt- .^JLJ OljXJl 01 Vj 
<JjJLa jLa iJjLj <JIp- j oU^j-l jIju&j lJIaUVI ju^- tjjia^-^ Cj-*^ Cj^j 

^j* ia^j^ £* J ^d ^jrV Jl L 

J! i m F^ r * J^lU^- <3 ^j"J J jj , ^‘ (jf^l 3 

.fWHO, 2004) SobljJ*li j jLikVl ^ JJ U JL^-jVl 

_^-£ jLft-ijl ^ j h rt J-l tUa*J1 i^J ^ijUJ 1 ! *1^1 j-jj 

iL-L j--!l- r-J^S ;jl aj^fc J LaA^jI Ji^fr jUJL.* l _-1 -■■> > ja 1 1 d JLfc >w~«JJ L __J 1-- ^La 11 

i J^K? oLL£ olj_J jLUvJt 3 '* r ™^ <JL*j-j *_j 

,*L«LI j u^jIJlJI <**S" ( j^a_4^- i^j-JLp ^Jl>JaJ1 e^Lft LLUdS" 

uIjlU 0"* ^*5" Jl SH^j 1^^Jl^kJl gJL* lu a* Jkit 

i^Ld ! i -j j_g j" i- ^- J-l; OJJJ^ji UJjJ] LfJLL^ ij i>, 

#■ 

-^JU%iajl ^ VjJa^ ^lil ^Jia*Jk1 0^ li) 

fcj 1 t ^—- ! ijLfaV iK^’ljh v^*U _} J- 1 ■.— L 1 

^_!p- jl Cj\ dh‘11 jJ-L^i 1 ! i-Ljt ^ J^L^J 1 ! jjLdl 1 ! 

JJr ±A\ oL^AJ^ j\ La? -j^S-LaJI d-LfJ 4,A g J J- ^I - j^JIXj LjJi LJjdl lIi VW2_i!I aLa 





\y r 

I* 11 ^u>b} LiJJ^ 4u^li^ iJIJjJl j^UaJL i*l£r 

j^JflJl fli-fc ?-j-k-’ il—£>»- j_^JqJU .J^Ai-a jLa jV JjJ ^J 1 ! 5-J'lU 

rk^jL^Jk]*! jbbjjl A^-J^wir jj^H A^lljljijl J 4*0 Lji k^wwvJj 

Uj±\ alii vj jb (T, V) 

Ground Wafer 

j-jjJ S-jiyU flLil o\ JL^e- i j^- jAJ\ LAt ! ^jJ jtfLJ! jLfcc-Vl otS* 

L|i£x L> n IJ*■ jj) ,^L£r juL? i_JW2J ^Jl fiUl jjLhSLO 

j \ Infiltration £«-ijjl oLX*^ <j£jVl jl oL5-^lil 

LJb-j k_~«rj=J1 jt Biotic degradation ^j^J-1 JJbtLh jl Adsorption ^La-oVl 
1—C Jji SwLC- J oLJjJ tUwL^i v£**ss- J-Li^C-V 1 ! iJLfc j*JJ 

^L^Jl oLJdb Ui^Ll eUJU iijJdl ^-4 *1U* jl dUJJ VL* 

j^JUJj ,oUjill k*oL ^^4 ^ya olJuJJj 

H 

jJ 'I flLJj I^Jii t *J;lp J 4.1^ 

£_jJ Js ■ I i If? ■ 1 * ^ i ' I ^i ^ I,rt < ^ ■^wii I I j-AJ-- . t a. AJ ijji jJ', 

Lff ^jJb ^iJbkll ila-UVl j-^AJ 4^>Lt 4 jLa^ ^OL-J^fi SLJ- ( j^t 1jp^Vl 

i^JjJj Ji_^ 0 ^ j #UH LtjjIxJ <™Jk 1 jotaail 

. 0L*jV1 Oji *jy£-l *L^JJ 

'ijJdJ UtfU- *■—■ 1 ■ 1 ^JijJ ijl ^ iJj-i -1 4 Li 1 ! tljjJj ij| 

a_j^'ijiJrSIJI ij^ ! J-jiJlj 3LJ^i1 i-*Jfj]\ uf ^1j-t-V 1 ! J J^uC^-sQ J.I ,rt U IJl* oS 

4^1 c-jjJa£“ j-* ^J ■ l 3^Jj 

f * * \ 1 jjjjJl ^5Li -iJUki^ l^V i &Lil 4bi^ oIj jJm aJ^jJi 





m 

yW* (T,V^) 

a^u*!' ouyit (Ty,\,\) 

ji La_. jjj J i itwJ 4_jjL*^J!i oU- h ,fr_n L j , ‘iT _ < ' 1 o 1 —SjJLL'- 

. ]■! j - fl Ljl ' 1 J j—' 1 i^“ ^i^li ^*^4^ ^yll 

^ g* i _ -" J Jj—U aJ'i oLjS'y ^.,/a ■ ti CjLJjJI 1 ! 

LidJLJ Lj 4—jjJLJ 1 ! a Li J *—JL jp.—t ' _■ ? j Otilj wJ l J i V 'o 

OL^uljJ O-^W^J 1 ! . J 1 wl '< tf.T W'Jr^ J* J jASljLj 'wg~4~ L Ifc J jju 

‘- r r —: O' <y& 0>-Jl' J »>**■ ', * ' >-^ri 01—5"^ 

*J_^- * ? * * 1 0 ! w£'j f L l l eXjb ^ Lr ip iJ—4J-1 <iU*LS I 

-Oj-Jli ^ 

c^Lil^II ^Jiir U_ll£t \^js£L3\ JJUmij jtSij Jol ^ jJL* 

kU ^ J-Uxn ji ^j£ji IJU^J vJ^Ji J 1 jW^' j 

K 

eLJd fli^SfJ aJ-IaU 4--.L - q.c - ^AiJJ 1 **jj , Li^M (Ji ai* .j^ij 'Ujclp- 

il^-1 Jju JLjJj ■l^LSjp* j j_5Cj ji\j ^ *hV\ r_^* v /jji jjjfJ j^JLSLJL. 

•JL*^' £* 4j*S*N 

; SJbJ' j' jil W1J j^Jdl ^ Ijjb iJ>Jijj^KJl o^Jit jki-i yj 

. 2- chlorophcnol J * 

. 2*4 dkhlorophtrnol *j ^Li * 

4> 

a J.A \i^l Oj^puil -A-uuJj J1 \ OL^ll a-ifJ 

^J 1 ! LAJiJf t oljjiaASi J f.*.*■■.*■■ J 

.( * * 1 i 



hjbhj oljj 


Uo 

OD>11 (T,V,M) 

jl sx—Sll ji ^jLUi ipjJj-l oUfli ji eLJU ^J_iil 01 

•LAI jJi jjUaII cj'JIIj^A-I d^jj 

; dUS Js- ili-Vl v>M 

LJ^ ^JIaaII h_J^LjS_L I I [»-L-£- l£ jJ^ <5^-* iJIajCLwmI ^ “ \ 

Ur ^jJ-^i-1 * ! l1 | i jl jjjJaJI o ULUJ I J***- J! ki J 3i 

ii-Uo ! t4X=->U ^ 

*UL1 JJ LjJj^jj ! l4a* J^Udl oUtoil oljuli "V 

.U^M 

ol Aa< 3 Jh*-^ ^jU!l O J^O/l “T 

L j^^ 1 OjJ - j ■t— -*- 1 jj 1 £ 

lj jL^aV^ 

eL*ll 4±JjJj JJj J-l /j^JG (^" *^-**^1 olxJLI Jili^ ”0 

.k3j«idJi i Uj> ^ l_o^■ ■■ * 13 hLL'J JJLvtai 1 Oil? 111 4*J ji 1 ' 

■ 1 ■ >_J l _^ r *Sv* I L —-' l '_3*^ I 

.i-SlJJI A.ay-i' 1 Jpiljj 

SLfjJU eLll tiljJj Ji ^JJj ui .J&i i-tijjJl O^Vl J-*i* "V 
0i>^' ( £_0^') f jijW'j </-*' 

■ ^__J£_Ji^^P ^ ^ ^pLfr ^jCjV-^- in^JS -.■ . ! ^ 

lL_j> fpjJJ jj_a oojjJ 1 ! jLV 1 3 pSt ijj-JLi *LJl1 lL> jJj ijLi <*Ip 

LiJJi] l oUjLfc^SJlji O^JlJl! 4j&j£- J^J^I j jhSj 





m 

L ^J'l jljVi fiLjl j-hjiJ-jJi C-^jLlp* Vl tl LgJUjJLa jJ oifrl6-1& 

j 4_;1 j!j_M iJL-|J UlSJl * L-&jJL>^ j—fUlj i_^jjJJ 

.(^ \ A i iLfcPj -tiaP s ^\^AV ( 

^1 jV-T (r,v,\,T) 

Li^Ll oULDi -j LtL^Ji.yij Lg-1 ...a h oLUJ^ 

oLiJaJ^ iJjjJu 4^JUjJ 1 *JL^ i j^- Jjj ; a Li^LJ ZLiU-\ C»^ tf.iiUS ^LuJ i 

oU^jJdl iwJL >w 4_j^J 1 ! J Lj^o-JU ^LmJJ LUIL 1 ! oULLJl LjJUJh 
L*LJ1 & L s ri . U 4_Lnli-1 oLLJaJl *1^1 j jl jJe* l^wUV^ 

.-fdf Ldi h^-jU'i jj jP 1p 

oWj*(ry y \,i) 

^ tj Ml i f <1 *" ' IW 1 ^j} L|-jl^L^ I ■ A j -,l ,V» jS l I ^bAL ^ Lfj Jl J 

olSL-i LjJ jiO-Ui J eUUj O^La*!! ^ 

jl j-Uj- J|JU L>- ; yA oUljii-1 j La *JL^U rf j*c*&}\ iJ 

, >^j JLj uc Ls ' *1^1 Jl kj** J' 

ai-tH «Lil J*U3 (1*,^,*) 

J-Uij l j-jj-tj*! Ls^Ll jL^h 13 *J> t^J^- 

^ aLh j+*j iS^M ^ ljjJi aUjflju j?^ai 

cjjJl jjjJ ^ Lf^jJU ^ ’Hji ^ ijJbJl *LJJ 4 JUIL 1 

Jfi-lJbJ JjS'UL-* ij-Ji JjJuJI i -A^iijijJil 

i i^- jA*wj! A - hJj f xJ , | ij j-i ,3^1^ J LjuJl C^ljj 

L-UJ1 o*ijjj^5Llj j^Oi fiLj jj jr* -*4-^*J^ ^oUfrj 



J i'wil 


\ TV 

ol ( Shammas and lacks, 2007) Lfj ^US i!jJ fJ Jd <J L*p 

aLaJJ 2 jUj If |j j^nJl *LI 

kljLjtLlaiJl j pLJU 4_jikdi (j 4jJU^ 

.(Zckri, 2008) OLut- j iiiUI 4Jaku j Sj^^ iSLiLl j. * ^ 

ot*udt ^ yik-Ji ^*uji (r,v, ^ , v> 

^ Lf-lJU dJJjj i^ULai] 1 ! LfrL*dj!> JjjJ^ ,jJd*j 

►UU jf^Lijjlj jUa^Sjl ^ |jU^ ^jr^- 

iJU-UJl <_Jjillj *jJsuH jijJll jla*j <J 1 ^aJL* aISo-I ^J^-j 
l^j^Lp*- jjj^ aL^aJJ j _LaUU' oLaJaII Jl l^JI oLjLaJl pj_* oU^ J+ 

*|JLA 5ji1j.j ^j^JrTi m,i Lfj jil OL>-JT Zjji * ^rrl 1 . ^a iJjiSa uJ>ljLaJJI g-JL£j Ui^JUl aLu^JJ 

,j-o Lfj JjL>- 1 ^j£^< *LJU ii-U^ |_£^ U >1 ^ 'SU^S ojU 1 ! 

^>- l ji?J.V 1 ! ji^U sJ iLi l i ^j^j jh* tUll *L >jJU ij jiii- 

jijj_* ^lju , ^lLwJI ^ Lfij ^J-j ^j_JI lJ- jUi*I p*Lfr V &LJL 1 pJLb oUj-*# 

I* 

^OjJUTV t d-b"tXU ObVjjl ji 

^u^?J '■ *i ^ 1 ‘ pi X • JZj— 4 ■ 1 ./J iH O U ULv I 

Jl$j . iji la m i jj^j£ -iSjj ^3 l*«J1 OUliJl o^JU^ ( \ * ) OjAjJ ^ ^I 

i^waj jJ^ gs-* ilil—JUi. i-UisaJ 1 ! oL^liJl a-L* X ^ ^ m ^ r J 

i# 

lL>jJ: ilLx* £ LU*m L 4 JI jlill LUjJdil 

U pJLt ,ijL*jyj Jlp-wU #L^flJJ 





VtA 

&LJlI jJ.4^J^dLl sLJ .1 _*l L^hI Lf*^ oHJaJ 

L1JI1 jJLa 1 Jaaj iilxii J^?U^ ^ iSj^ S oUuk 

j: aLJU i^>j- 1 j ^_^JLwJlj OjjjJij ObjJJJ 

3 ^J* 1 - Jjp^j .4 l L = l^ 3 nJL^ jJJL 1 ^jj 5JU— *1 aXfr 

■ 4^* jX* Jl iJj^tlj 0^ /j£*£ ^l ]\j M I'j 1 S pi tf j jlH 

AJ, Cr, Pb, Zd, Cl, Fe, N0 3 , S0 4s Br> Ag, Na> Cu, Mn, Hg. 

i 3 ^ J-* ^ ^ I -L*jJ 

i^iS'ijJi lljLjwuIjJJI jj_jb jLjjjuJl 

kuLi-i ji\ 3 <-3-j-lil ^l !1 3 ^-^ j-j» jJLSJ^ ijlj-bji (Ut-lji^J 1 ! t-^JU 

-wTii .*J o L^lj jJ 1 -j'j ^JL1 l)\ ^jl^J 1 ! ^jJLij 1 Lj I * ^JUAu ^uili^iil 

^ I 1 l m !^ ^ ^ ^ C ■■ M I 1 M'C l»A J J^>" J. 

■ L^ljl^Ji f-^>* J* £^3 

J& (tftjk) J 1 ^ 

l j_£- j^UJi still L J-^I A-J b4^ ^JLa£- *U%jL>w* ir-jJ 

j.'lJjij: CjLLj 3 'wjljJ'i jji— j j^" 1 (iL^ g:JJlj Waste Water /JL-alJi 

+ ipy / pi^*JU T * * %fXi I^Ua^o^l iiwJl / pi \ * 

^jjKi j=J ^ 41 3 3^1 

■ T ^v • Lf ip 

^ yJaAi 

sJ*^^ i^ 1 3-W- jX*Jr J^JU JUj,l]l 3 C^bLj Jjijl ^ LuuZ^- 

y 

4-J^mj ^ 1-^* 01 -L»£aj 3** ^^U" ^ ^ ^ 1 3' 4A 'r S? 

? oli^jiJb 



hjbh\y oljj 


m 

: As-LwJlI ^1 A^Lial' ^-JSLh ^Ll«j aJJ 1 

,jX) / P \ * \S.j£*~'$ *.J^ ^ 1 * V-r^jL-’ iWi 1 ! i- 1 _jJi l l «Ul 4-T+5" 

’■^d ^ ^ * 1 * — \ + * ^ ~ j,jA^jJJL j.'ljJL* 

\ * X Y \,*L = ^ * X^^iX 1 * * * = *_ 1 ? 1 ^ , ■- «Lw j.l j'lJL-i* 

l 4 j^J ^ 1 Y * ' 4jjiJJ 4~^?L,djoV^ 

= kji ,ViU j % rtii’j-^1 j-JLSLSI ,^"^1 a«5Lc ^JJi 4 jjlJ^i Oj_$ 

m j * > • xv^ = \tW(Vx\u) 

( 1 fl * 1 ) \ , 0 jjjl) l iitiJ 0^ ^y *jJb 

/ &£» = ttteQl 

. T *vr = Vxv; = (Vx v>0) = iib£J! / <b£J! = 

4> ! Ln>- /^5 v£ oliyyiSl O^' OU ^ ^ *UU 01 Lfj i 

^ \ = v * / vr = 

V dJUJUj olyU- JV>- Jj***J jjy>w oUmijaII 

»■ Ji-^ t .... t 'i a^ U^. L 1 i^J ^ ^ . . ■■■ /s.^ 

QvA ^j£jl 0^ NO* ojyJl j^aj^ otiyjbiJt j^aAt (Jl^U^ 1 ! jJl>- j LJ 

jb\Jl iLi ijiJ (1\A) 

H 

4_JJLaJY sL-JlIj VI a _£ Jji ij'Lv H Vl J^J_£ Ijp J jL~^* J* JU “ ^ 

.( j JijJp ^ ) 





ir* 

^ L-wJj Ij. I ^rr_* J|»'|“ "T 

H { ) 

JjjjJU I^feu'iwwu^ “T 

,L4l JrL_* ^'l l-L" ■ - .1 _hill ijLv_lV- tjl V] A_r^t-V'l tfrL-* .J_* |4^-jj>l _J 

O' Oj-i ,J al—J.1 a- Lj ■ 4-4 \Jj tT mI ..1 .J i^LJi 

o ^ ^*5" +^^^1*11 V’i j^>*A 5 l_^ , j3,ii .< ; 

f“L^ ^ ^ * ■ ■ ■ - ^ - I J ^ ^ ULj_Fl A^ l mm, ^ I ■ | -~ 3 * ■ I £' J ■|-~ J * ■ I J L^ ^ w j ■ 1 \ 

jjLjl !Jl^ bjr-£> s-_SUJ1 5_JU1 p^Vi ijjz± J£jlj ±\jA\ 

oUa^ilj jL^J^ *LA iJjiil frLjIi o' j -^L}t ^j .jJjji? 

-i_jy>OL! ^L^jJ-1 ‘^-■■. ^ -■-^1 I>JLjJ yt 0*l_^U-_J *1«ll J 

J ■/■ ^ V oLjjJJlI / ^ 1 Cb\ oLwSJ l^c- .j^-1 j—£ 

L j—£■ V^LJ 4*La-l**Jl ^Jiy.1 j edjL- l'l -^lL^JVI jj—IjP- j-j LjT j L-LaaJ I i aLJlII Jil 

T * ^J1 b\ Jl Lju* L|i^jii 

<hLJL 1 LAjj^^au^s ] j-^ * _? > 

* 

oJ^ ^I I_:j 1 ^ j ■ - J*-• j ■ ■■ ■ ^ 4^ iJ O j^b 0l—£ i^UJ4- 1 ■ 

*( 1 * ^ l ^ N..J 1 ) 

olia^j jtajl wJjJj {T,A J) 

j J O^UUj flV ( r,A, ^ t \) 

t3 JJ 4-trljjJij J j. l liL l l ^Ul£ i^Lijl \S*M 

W^UJ\ Jj *j\X\ SLi- iuj 1 ! 





vn 

J) <Jr- -^J .UjJl^Jj V-^' ^JL^ 1 

.( i^JUJl ) OikJ l i*?lU oUjl* i-ii w» Xc- sJ-Ui 

S-frU^|l Jljllj l>LJl OUUJl (V\A,\,Y) 
if LJ 1 if i*LJi oULtJI y* if L*aJl JjJlSI uT aU*xJ 

yLJli j^lJj ^ili j jl>tJl 3 tlLSij L^bLU ye- 

&JLfc jU J*iJu“ o’ -4 jUU C^IjtU m.VI *JJb oIa*S ,J. j 1 iXj^y l!aJ\ j\ 

*Ls- U juV^ oU3su3l ^jL* %Ui 3 ^£11 jjJJ 1 ! cjUjjUJU 

V Sjj^ 1 ^ J V 11 ' *AS\£}\ 
*jUl (TA'T) 

Juj'b^^J^ i^j-tSI jJjj oU&£ jJ jpj <JbjUt yyJi wjI™J 

s=L^ i»-jj jil *\A\ y* oL*Sa ^^iJj ^Jl *£*-^iil iJljl 

jij jJ 15^ yja Lf iiku 3 0j5^ i j>Jji olk-^lj jU^-H 

^yai/j l| 3 *Uj iuj ■^ . ., . .- *. 1 dJUSj, jJpLll 4 JL* 3 

J^Ldl 1 ! hOj^^JI iiUajl oQa^ ,Vi * i L)\ 1*5* . c-jljJ-1 4>-jJ ^Lijjlj 3 j>*-*w£SM 

^ ‘Trt.-L'ijO I 6 /jf - if - uj I ft 1*^1 jj Jt>J| li 1 I ^^TmmJ ^ ftlh# J -jJ^T-rmAisJ V^J>~ I l 

^XiLjJI aLjJ 3 £^_/ J- * 1 ^aki 0>l£y 

ffUll j*- iJS^f J) jJl *JLfc y I5jj ji.j .olk^l dJJj ifU^ 

jj(> J^-C- Jjj-* J-L^ U JtHj,fJl k^*uUl 3 

iLM\ j+\*i\(r t A t y t t) 

Jbs-_^ ^,'ft ♦ ■ 1'l ji 3 3^ isle- 

3 l^Uwji .iJk^ <Lii jxfly 3 -i^jd V 4 ^ 



-J J' b >*■ 


L^I hC^JI Jit srlij ji^Vl Sj-LjiJI Jj l 4jLU kLj-V*i 

.iJUa 01 SjUj^I jJ,aJJ5jmj 0>&J J*i L^^SJ ^5^ 'Jj 

' O .-.^lJ I l T J ^0 ^ *• m ^ '-b^LA J ^^4 k™J ^A L b B ^*J 'rJ*' 

_ J50J1 _ ilCjIl . ^UJl _ tjufl _ Jjjil : JUtf JL^l *U^VU Ife*^ 

■ fjsW' ■ pr^ 1 ■ jr**' - -W^-' - fjj£l' - - pr*^' - 

^Ata j^&\±k}\ iJL* ( j*k^J j*Jl 0l Ji^AU 

j X& JjL^ "UmLp Ol^jAJ 0^ 

jk~A\ j% a Ml jj ^U-?^1 01 JJtjjJ-1 ^_jlJ 1 ^jL-uijjJi o^i-b^l JbiJ 
ijU£ Jit 4Vi m. 11 Jl \Jla ^jjuji .oUo^il jJ j j4^°i u?b!l yil 

fc !.■ ■ ■ ■■ J I 

llJUw-m w-*>- OIjLJI ^JUI Jjj u |.rt * j j. ULfl^l JU iiU*i£ 
ji tpjjJLI ^j_j *j i jjjV? *> JjLjij ■■%-q - ^J‘i o^JL 3- lj-jLt- 

JU^ *-*£{jJ ] j^j lx?* u*^ 1 J^A? ^r^J- 1 ! ^3 t3r^^ 

oL^jVI <la_^l_^ JlAjJesSI 3 ^_^-,aa 31 ^H4>_^Sl 0 j-£^, ■Cv4^ SjUj J1 

L-i-bj j kijLcyVlj jjJjjJl £-* (*— jjtj j^ jJd\ 

.( 1 * \ i ^ JLnLwwjl ) J-J-'i jJ'i^Jij lU ji.\ 4a*J V 1 ! 

I 4 J J jr* 

<^Ui. <jLa^ J^b^d 1 ! oUV^J^ j l ^ J ^ B " (Jill 

H- If 

. jUJ^-wm[ l3 Uu. 1^1 JJ L_h—*JLj iJ'JLaII j^b £1 Jl* hjlj 

jj j, tfa *L-h j OjLjmJJ j ^v;I nU j—^ijsJI (T,Y) iJjlJlJ-I i,Vffjj 
*( ^T ' * 1 f 4i-U-Jl )iJjJlJ1j (ppb)^J/ 



/ r i jri/lk iyti* si j^i WJ^ j^V -( r, Y ) 


{ U\ESOQ H 197H > 



i) J^dl 


OJrfdl 

\ V * 

Kb f J£->H! 

'l 

Ti 

T ‘ 

Ba pjoM 

*,fr 

Sb 

1 < 

Mo 

* P tA 

Ag ^mJ 1 

r r i 

Fe Js jJ4 


Crfjj£jl 

r ( r 

u r^'jj^ 1 

O* 

He j-jJ' 


Ah 

• ,n 

Qd 

X 

Cu^^UJi 

b Y b 3 

Co 


Ni JSvJl 

, f ,r 

Fb 

* 

2 n lIJJjJI 

*,‘T 

Bi 

M 

M£ 

*♦*' ir* ^ 

Tm fJtt 5ldl 

M 

V 

-*n 

Be fj^^ 1 

'I 

Al 

‘ 7 ' ‘ * “ J' J*' 

Th fjfUr^ 


*** <r.M.»> 


dUi J flJ^-Vi jX«Jl ij iiJLl ^Lli l^JjJb |_5 jJLJI ^L-inX* 1 ! ±JL? 

l"'■ ^l ■ ■-^ ^ ,j_* Jh-JixJl ■ "j 1 . £■i ■ ■ *1 »1 Jjc_j r^J'uJi JjJ ^j.Vi i> lJ. jjjS^I 1 - k^%™^ 

" * 

tJ 1 li| LuJ ji^U i- -I 1-^- ^ -JI u-JJj -* .-' ^.-Lj ^ 'if L*»»^-^ JJ jjuj 1 . .^Jjj 

*\^-\ j ^UM iiiJl ^ 1 x A ^4^£t Jip ^jiS iiiJl dJ^lS-U 

X^x^a ((jo^JOjJLJI^ 

JoiJb j^L^i 

■ 'LJL^'I J^LiU^ J ^ J 1 b Hj ^^Pww 1 i ^ l»- ! JjJLl _J-J' ^ y^ J I ■ 

lIj 'ui In ■ -1 ij Jj-1jh-JI ^ 4-JjiJI *^A™nJaJ'( \n i ■ ^1 ^*1^* j^J-vdJ “ ^ 

^ijji jUmU j J^VjJi dXSi Oti>Vi uut 

































\Tt 


JgjjJ 1 v_ ■ J m! 1 ! ol^Ut “V 

h jUyJl *L* jj i_j iS^.ji ^ iJllI 0^1i^pyUli 

Jjj SJLt J Li5* jUtJl J|[ iiiJl ^_Jj**Jj AjkiJl jL^ jUJyl “T 

Jjj lLL ~£U Ji. 

j. ■J- i J->- LjJs ji^J 1 ! 1*1jA=£ Vt J r 11 5JL*lil SwjUVl ji'^r-ti 1 ! ™ t 

j\^3j ^ 0 -yl^p- f ^ ^U- J iiiJl l_j^J 

it 1 k—. ^ ...J 4,J1 ^Fi Aj J't Jn ^ J L_JI J >jUj J 

.^Us-1 In b I \ lij ^1 jk* .11 ~ ® 

&L* oL—jJIJIj o^AjLa! ^jj.jlH iJhlrrSl oUU-& *1 

,^yuJl %j\j* 

eUil J) ^jjLJ^ i’W?j ^JudJ iJsiJl oUUAl *UJ|i -V 

.djlil o!j^-t 1 j-i iwjuLS'i Jaij 1 jJjSJ ^'u^il luUlo ^LlSu^j 

*-JajJl oLii^l^ J-# ^U JaiJL* OjJlji j^i^ewo oL* 4-* ! L£- 4jL,^ 

J^sJ ^Jlj iJaiJ^ O^UJl oV*jA>*j£ <^Li4 oUUaJIj JJaiJl ol^lwsAJ 

X ^ Y 4 * 1 i ) j^UdJU £x* ^ ®X Ji 

aUl d^lJs-W (T,l) 

* ^ 

L^’LjI ijijlai^ sJ* JL^Iajj. eLil k^jJj li-Lil jt 

*yil1 iuJl o’lijlll -jJJaJ Sj'uaSI oI^JUsi V^ £jJ 

jfSl <lSLtll i l4-t^_ylj oUjJJJ jjL^n UJLSs? 

# 

*'«SLjI>w» <S& Lii^tJ 1 . i^Uw (J £>-ljil | j^ J b J UiJl ^1 J ( y *~ i* 

l_^ iUj^' :l ^-' Cr* ^ S^-Jl JtfLtli ;>l 01 .LjJjrf -?' 





^ro 

jswdl LgJi^ Jaililj sLJU l "Tali' * ^ ^ 

(Monis and Thenvel, 2001 * *Y **1 ^T**V*kJG£) 

axJ (r,^> 

S iJjJLl flUll ii^jJ; j^Iai : J ^ 

S J L-iJJ ±L *jJlxJl 1 J^ “■ J] ■/** ■? L ■ U ^ll 1 ! ^ ^ t / 1 

jl l 4 j^Jj ^ V * 9 4 X 3 - L«w* ^v* ,^J .^Jilj ^ L^l ^ 4 ^-U 4 j ^-Lh i 1 ** « 1 * ^ 

/ ^JUAL 9 ,A *i^Ul *Ul iSj^ .iij^r 

{**>£ t y * * ^ jk 11 S^UajoVI ijuJlj' ji! 

\ 9 jaj Cd 0 ^ *£jz- \j^ r .jx 5 ^ * * 1 L*jj sUUX 1 ! *li 1 <**£ i <?j> 

Jj—fc 4-SjJli 43-LJL1 j^JjjiJLji ^ l + jJj llLXk Ojif iijj vi-»w> 


S 4^j J:- lil ij jj\ i^j j l" m ■ ■ 

J-Jj^ (B) Uji* ij (A) j-!jJU aU* * * Li 1 ! 0 L&jJ * i jj* 

ijJu L*? oIiuaJ 1 ! 


j iirt iH^ 

(A) *V 

ppm 

(B) »V* 

ppm 

U»^1 i»)jll 

Pb 

h ? 1 h S £ 

-,*-m 

1 

Zn 

- , 'k <L U 

*,v 

tt r TV 

Cu 

-,'TA t 

■,om 

T^VV 

Hg 

s ? * 1 *A 


1 ■ + h t* + 


Jrtfly ^ U> v Wl ^ It' J *Ul /V = JJil lil 

saa^ugiij^uj^ 






(3 J*j {fJ* oV i)j* 


in 

3yJjlJl ^-*1 jlf iVy 

J JM.tH jb . i^wjV ^ ^ ^ .Jj^lll JL^r Xo/ ^1 nrt^- L JU^'l 

- j* jjV i ol-*^ ^ i^j.^ ^ 

l/^J <J jjiTjU/ ,^T ' * 1 .^I*J1 SJOU- c 

■ ijLJ “tlfJjgJ j\j 

^JLpJI ^jjjUi oL^Lf.^t 1 * 1 '(j^ - l^“*^ * 

XjjVl - OU - £LJJ $' J 

j ^.~L l ^jjjUl jb ,iflil < £ » »/ / .^T • * 1 «^1 p- Cty**^ »^,^. ^ — H 

•Oj j'Vl -ljL*a 

ifrLkU Jilj jl->. ZlJI ti/L-,L,Li *T • *Y j J Juu^ t-Aj-\-t- 
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► <_^ ! >% *< ■ ._$ ^ ^ ^ A , j i, ft. li^ 1 J ^ dJ i'J ' Lc» £ *! i^,i'J. C j 
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■ lM jSN "jLqJ^ .gjjlJI J 
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j|*J1 2}U\ t te«U1 

k-jili (t,1) 

Salinity Problems 

^ J <JU yfj' ^^UVl L P^ ^ *U (ijX^ 

*LU j: ir* <jr^ Z^ ] '^-J^ Lf I^ t^J^- pljjf 

<_■.£-J|J * ( J-*13 Jj^ ^-Lt- wL*XjU JUjXJ 1 ! J ^J1 >- jh V^ 4*^ i)\ ,4«JUill^ 

^jj^ lSj- 1 ' S j^j * J—< ^trl* f'y * ^ *W* 

\SrnA ^A JfJjoXJJj t ^Up^fl |3 ^J-j^ Ujrflj 0[j 3 Ojlj 

j-^"^ aJL^Joj jIjj lj! oLi 4*>-bjVi 3 jj^'ixx]^ 

. j-^JLi-1 4 ]fi ■ * Ji 

i_ nmj Vj - jJ 1 nj-ii j- dLll ^ ^jJU i dLIi v__Jl£- 1 ijl 

3 ^5^x1*! 0^ *XOj ^ Oj&J L*4Xfr li j^J j\ jv’jXJJ JfS'Ln^ 

J j.......— C- a JL^til L_*_>- l (3 ^ LjJjJ 1 Aj 

. j-LJJ jr^l o'uLJ ^Lk^jx^Li j 1 ! Jujill j jjiJil ^- jL-V 1 ! 



LdJu U i3 j)l »U< tby* 


u* 

Ji *W^ J! J-^Si ^Ju* 

j^-jJ 1 ! iJU^ jj k*5 ^oUjJJ *UJ J-Jiar 

r SjbVl 3 ^ j J^w*Lil jL™£-1j 

ubbjj Sj^Ji J i^jiii (tj) 

* 

LS JLt ^jJl Oli* ^1 Jbu 4j^Ji J1 jjiil k-JljaJ 

i-^'ci^l J Jl U 5 ^j 3J1 j ■** 5 *-^' *-^J jZlJ 

* ' . . * 
.oULJ's l jJ j ^ ^jj5v J J-A^1 lw?_^va>- 

j-SJj (ET) *J S-Slil oU-Lx^Vl ^ ^ aull ^UL! ^ ^uUl JUC^J 

] j^d jujjj j ^j'LiVi l, Lt-'i iSjS^ 1 <J oLJl 

^L*Vl fi-Lfc .J-* e^j-^' 1 Sr*^ k3'Uaj; JjU Lj ,jj ,L*j S\Jl 

jJjJ *Li *JU*> J-jflIjf7 Jt^aJ ^ JJ JJ-kM iiiaj^ ^y* ^ l_j£ 

jjJLi-1 LlL^i^ r f' jS ^S sJ till ,j_* ku s J '5^ L» iiL>L ^j£j . J^-l^ 

* 

ftLjj* wildaJ .^dl sLil j-- L^jIj-1 c-£ ,^1 ^hVl -<u^ 

<J Lw*J i O-L^-U^wo fl^ n' AiLjffl Oj-£j jl L*1 ^jJ 1 ! 

■_* LjliL>l yj>-ijJl *LU L^f (Leaching Requirement LR) 

Lo^U^t L^XsLmpJ ^4Jdj j\ . jLJLji d ^k. a J L^jU JhjS”jJ J?LtnU 

h 1~7 jft\ \ t,^Leaching P-3.ctor I_ h} . L*Ls^ L^>Lu-- j ^ l ■ ■■ i 

iJ^J 1 ! ^L* LR Lw *lJii^u^ l i LF 'v,+4^aAp ] j^ 

l>j-^ uuj^j , ^_L^k olj^j jjJ^I jLisX? ! ^ik^n j L|j ^ j 

(James et aL+ LR iJ™JJ1 oLf-Li?-V 1 ! ^l.A^J AiU <*J LF Jil LR i«J 
i^d 1 ! ^U-^fr ^^JLLJI jrjT ^rt .,. ^ 11 ^ i3j4i ^ -1932) 







( Ayers and ^UaS gj^ r - 1 SJ\J^ »Li\ 

.Wwtcot, 1985) 

D, 


(M). 


...LF =^ L 
£>, 


.J-JJ! = LF 
. i^jpJd LdaJ-1 * d ^ ^*£- — D w 

Jp£^riJ J 1 p ^;^ 11 <3 ^ -* A £J 

4^%-J ^Upv^ufI r Jf^^JJIi J_*Uh*J iiLill ^jpil *L* 4J*-jJU idJUi JUXiM J ^jry^s 

ju*. jjJLLI UkL. ^ c Vu,Vl U1;i Ji^>" *.0 Ji Jj J^JJl ^ *JU 
ECw <_£^Jl el* i»-jJl* SiJ*k* «UE-j J_ -H ^ ^ji I < L . i «Jj vJJj Sjj'uL* 
^U ^r j^MiU jJL 5* k |^v£ jjJLi-1 S. SK' . 'i Zp’jX* Jjkvoj l_® j^a}\ »l* S^^JU ijU -{LF) 

: SJlxil oVjUI' 


CM) 


EC+ = 


EC W 

LF 


iijLu* 4 -aJLH *JL> OjSS U SjL&j- jjdJU JUu *U - EC^ 


,(EC JW ) J jJL£ is-jJii 


*MJ\ - EC W 







*ci' M *^ — L.F 

( Ayers md Westcot T 1985 } ^ j^^lll ^Jlih Jbk Jfcj. 

oLJi oi >w—.Oii' jaJI Jf^jJ 1 ! i-^'j ^jJl frU ^jJj- 

*jJU ^JLfi sJ i^jJIij .jjJJLl iJik^ ^ j^V 1 ! i3 4^-jiil iJub 

s jj^LM l j- ji l£ Cr* o j ^j*LLl *■ * 

.-L^JL JjJ Jj>-jJJlI ,*-*? Ja^j +^C oULJ^ jJbjj „ d Jn h U jAA ^ 
- j.jJU-1 ij y ' ( ^ ) 

^Ll*i k-jUiLjj .(EC*. = 1 dS/m) j-i tUc J j./r ■£ 

3 wil ■,^, ! i 1 s-^l ^AG L^J ijl (LF = 0.15) 

. J^-a^I 


EC W = IdS/m , LF = 0 . 15 


fl-j^JI j ^SjiJ <b_*L^sH« i_3j-^Jl & L- 3 

(EC cw =EC 4w ) jj-ii-l ^iki# Jlaj 
i a^L-Jl y j1>iU EC^ ^JtA- 1 


^IA^LwmIj j EC aw |^HiJ iL-'i^Ji iJjUd 

&LJ .1 .^'ijJ^L^l tuLw^y jj .j *bii-'i 4*U. j 3 till 4 jJLcJl1 luL^j ja 1 \ 





nr 

4Ji_iaJl ^ ^ € i ^ t £ * L_^Jj OLiiJ ^ unUi 

*-^Jl j oLdJJi ^a *LU jp^ La^VJI 4^*31jjl CjL>^^I jX) 1 ! 

j^JJtxJ oLw>jiil j Jua LJuf JliJdj- <oLj^ O V Li- U 

*JrF ^ EC m 

.( Ayers and Westcot, 1985 ) 4 j^J 1 J jj-LM *An'* 4^-jJLr. L-^yu uL^: ( T ) JU* 

^■% "Wi i. '^ > I■-■^*^■■■■■■'Ll j i^i Av^y^ ^jLw^^ jA*^w^ 

a tfra.* &-£*-^jJU rt m'^ j^JLaX] ^LjJ^ jd-Jl ^j-^jCj jjJL^d 4 iS?.* J|! 

wil^yjl 

-EC«r = 1 ds/m c*^JU oUJUi *Ud -y 

,ET = 1000 mm iJlll J^a^l oLLku -T 

1| i * t T * j f' t i * k^^jJi ^ tUJJ Jj] ..i^i ^\ pl^L^Lurl -f 
^jji y*) * j \jjzL&j j43-^*-^ ir* ^t *y i * oi ^ awv jiu-c-i 

.JU^aJI £* ^j> <j*U jt i-LAj 

^ 1 0 4™J^ l)? ^kJu * 1 ^-® ^ ^ 0 l£jLwJ Oj-Uall ( LF ) 4™j — £ 

tUil .j^ j ij^Jl ^Uai 4^^ jX kjL^all s-LH 

. nJ^- L-J i 

J* 

4^S-jhU ia*i^j^i Jj-Lid 4jais^ J| ~ N 

: isLU\ eJutj •J,>ku 

(ECo) a<js 31 ck- JU- <t 



LdJJ y L?jJ^_J ^jJl jly 


Ut 


■ (ECjwi) jijM"' Ula i* j+ JjVl £pi! SA$; ^ (in-f 
.(EQ*j) jj-ii-i JA ^lS)l £pJl j (^7 


(EC W} ) siJdj ^pJl Vt? J (-» 


j-j-Vl £pJl i-s-jAil a « {EC^J^Vl <;l§j ij (-* 

.(t.\ JSLiJl) Oj^l < 1 *^ 



-M' cr* **Mt </u 4i^-vi v-J (*> i> J^J 1 


i »^11 \ *1 11 0^3 /■ ^ 3 i* Ll V wL “X 

.. Ulj wjl ■■■M1 »T»j JLt- J j \ I ^iSj 1 l 4L^gll »\1\ 


AW = 


ET 

\-LF 


.U/fJLbiUil *111 =AW 












^\ oLJJ -L«jLll ol>b^^i = AT 
* 

- l^S 1oLHa^o = LF 


ET 1000 

A W ----- 1176 mm 

1 -LF 1-0.15 

LS* j£- ^-ri ■■■ /j_* jjiJlA4 a jrti* Jl iJl.,^r U s-LU o\ “1* 

^JUaJ.1 *Ul is-juLc ^jLuJ (ECywo) ijjqJl *U jJLo ^*£1 

J 1 !• i_3 

EC 1 

^ 0=J FC wC( =—^ = - = l^/« 

0 1 

'■^ -_)^s I ^_J| * ■■ |i j ■■ J I ^ ^ ^ 1 

,aJ^UJl1 ,*IJl>e1lJ |*j J™*jJ 1 ibULt 

LF = — 

D 


£C™., =-= 1.5 tiSlm 

wx 0.66 


: oU JjVl £jJ* SA*^ 


1176-04qOO) = 066 
' 1176 


EC wl =-= 1.5 dS!m 

™ ] 0.66 




Lp 1176-0.4(1000)-0.3(1000) Q4Q 


EC m2 - -= 2,5 dS ! m 

w2 0.40 


iJUh a. )\ iiljii 



LdJu U i3 ji»_j ^ j)l iU« 




1176-0, 


- 0 , 2 ( 1000 ) 

---- = 0.23 


EC tw ,=-- 4.3<tf fm 

0,23 


: ^4^ 

. _ 1176 - 0.4(l 000)- 0.3(1000) - 0.2(1000) - 0.1(1000) 

^4 - 7777 0 ,5 


—= 6.7^ / J « 


EC V = 


^ + ^ + £C w2 + £C„j + £<?„* 


1.0 + 1.5 + 2.5 + 4.3 + 67 


= 3.2 dSIm 


k^>-jL T,Y qj£j 1 *j ••** ^ «-l» *u>- ^L. jL ' y lhL>L J -1 — 3 


.JUll *ll\ 


X). < 1 * i r ■ * t » s —ij J-—^^u jL 1 M 1 

EC SU , i^jX^ *L» oi jJ-lrfM illal* ij *Ut\ 

lJ X Y * “ ) & 0"*® ||_| ^ 1 *"■ *^ 4 j 1 i i , ^ .^jJJ »i V> m i 1 V 1 Y ^ 

*UU 4^.. -i Y.V J_^£- Oj^Joil j ‘ ■ ijjJl *Le is-_jJw 

,/• Y • — 1 C {£) . l™jJJ «■ Silt- i™wl » iSj^ *—jLjal 1 

>^'-f +J ^jiS ^V . J l 0^2 L* ;Afr VjJI ia-^> 

(EC c ) i->^* j* ji (EC tw ) S-jjJI imp* jX* i_«*5 Vl jm»j (EC e ) 




(i^)- 

<*,*)• 


£C„„ = 3 £C„ 


ucct.£C, =1.5 £C„ 


(i> d ).« 


. EC... = 2.0 EC, 







wv 




“ ECf* 

.p#/ jj^JJu o-_^U — ECfr 

.^/j j , a J l * ;ji^ 1~^-^ ^L* ” 

4rf J J -j l _ ^^1 J ^ ^ ^ ^ 1 ■ ■•'* ■ I LwhJJ I ' fl ^-fa% 0 ; l ^ J ^ jl ^ r 4 iJ* 

4jU j ( V \ i ) JjUjU &Uii p^j J Jjjls- Jj X \ o— \ g 
( lf ) ( J™jJi «j-*Lvti l 4^wJ(i h i) Ji^jLi-u(x)J-* i*j* ***»jJi &Jl> 
•jiJ- 2 0^ ( EC *) ^j.-*** _ m ^-jJU ia^^ pi o\ „ *, A— *, 1 G ^ 

■_-■■*■ Ul i ( x j ^^Sj^ll ^ (irc w ) -p-lw* 4^-jjX* w Ju^L=- 

i . '^ P __P ^ i -. ^i ^ -m I I wn^ X i ^) j 1 ^^" ^ ^3 ^ , '^ e, ^ j, 1 ■• *t l /y* jjl** 

. (J. l L*jPr^ Jl&J jJlL^ ._] Jdfr- 4jJ w'l 

yJ -Laj airfU-1 ol*WjsJ] A>-jJll SjJual 1 ! pill * Jut 

j' J-** J 2 jr^ ^— 4j 


&L** j*1- 



J i<jJU*E J ^ I i > fi L_ 

( Aytn and W«t«tj I$H5 J jiiflll 


(KCedSm^M 

■ *U k-jJUj jj-Wr l J** #%Jl .( 1 <t } Ji£pi^ 














LdJu U i3 j)l »U< tby* 


UA 

. LF ECw »W* y (EC*) 1 V jeJ-W (X) J jh J.U..{« r i) J^i 

■( Ayer* and Weiltor, 198S) 


^J_._ _ __pj \ 

(LF) 

— j^>bJ I 49 Lni 1 4 lJl'i 

(Percent of ET) 
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ECW ijjjfl *L* .jfc-1 i-1 oi v 5^ aaj i|j I Ll l l *1* jj-aSt aJjW (I) 

ECe = ECw x X 


tV* 11 * Kw— *LJL] oLJ^ 

. J.UI JUll j L5 'L \ • < t * 

J^i jAarjiu js}U(i ; r> 

Salinity Effect on Crop 

4™mU11 o V I j j o Lwiisj * Ll l ^ ■ l —1 

L j_* ^ (^JLSI ij |,Jj ^ ^ jJ-J-iJji Jj-,rt •£ jyi Lc 

</j-U S ^'~’ csrkj -OlJ\ IfJ ^ OljSi 




























i>l ,oUll pUi j ^ J p^lr* oU 

j jL*il JJLi dJJi <1^-^- ^ 

^ W<1 ■ U^ ww* I^J*Jw^ ■SjJ' ^Uhl l—''U^ ^ j| J j L L^ T»■■ '■»V 

L f ^ ^ ^ I l~ I ■■- I—^-J i. - ■’ 0 JjU^.j| i ^1 <-*2 LnW ^ ^ 1 ■ ■ 'j I /*—' bb . -0U 

jl ^L>- jj ' ^Sj LfJj-t- U*-jJ^ lJL*J JU,1 jU ^LJI .Jlii JjjflJL frill 

L y?VJw^V SjSlI Cr* -*4jri ^[/Jl ij ^V**Vl 0^ -Jj^-il^ ikit Jl 

>JL£j, Osmotic Potential ^3j_*wiJVl JstwiJL JJUsVl SjiK flJJbj ijJl ^ *UL1 
jrt ■ y>1 lij L*J j i.rt A- oLJl .jit Ijrj'Lj j-^ l}Jh> 0 JkS 4j^Jl ^V-"Vl jjl Jl LLfr SjUy Vl 
-Le-lJ Ji jjJULl J m^~U Qli r ii *JLLJl o'lJLlaJl ^4 *Ul L j f j^ 1,^*1 Jj lTjLJI 

i^»>K^ j C^** 1 -^* ujri^ ^-^-j jJ JLllI J~~> 1 _ r A#'j -S^ oljii 

oLJl 0U- 4 J-U ^£-V-*Vl j-* IJL>- l*jfeJo-|[ h->-J ill 

. -iJ—III ii^JL Jjij'La^ ^J-lll j-st <j^J1 | jk b jSl <*lJ^i^lj frill 
kL»^ i frill v_->i^J J-S\ Jl oL^I k)U ^-VwoVl ■>/>-* -^* 

+ 4^-111^1 i^Jl fr UJ mUs Jl J^>-1 ii'ii? l3Us^ Dj uf; 

\ 1 — \ l j^j ECe ijjJI o^-jjii JiJs* 1 \ 0} 

i (£, r) j j^-2ji -d_3-jii e k^-jLJL^ pm !j^?Ui5^-^ ^ jjij ^*—>/jjk^il- 

ijJJj ji)^j .1^jH\ o^jlj LJi5 oUJJ ^Uli frU^ ^Jrlijiil ^ Iji^i jJLz-ilj. 

+t JUl JU11 ^ ^Uu-Vl 

( James e/^,1982 ) :JU, 

j*1 j_5Jl ^ _j <i-U j-i- o^Lc- ij J j Jj-vi^ 1 l>I \hj~£-\ IS) 

t * e = SJLiJ-1 ijuJl o^c- ( 9 m ) ji l_Li>ji jJj X 0 * = ^ L—J o) <1*^ 



LflJuU- j^jJl sU" 


^ & * 

5j^ybtiaJl jJj £ # , = frULit V ^ T = Jj^JLl 1 ! 4kal JL^ji 

T ' j: ^ l G ,T U O JpW- 1 I ij U ,j**U / VTT 0 

: LLj>- jjJLM juk^a ^ 

0 V = 0 m ■ p b = O.U x 1.35 = 0.1755 
D = 0 V x d = 0,1755 x 30 = 5,3 cm 

~ ^ v 

jjJLi-l ^uku - d 

jj-kM 4 k * c-Utl JaJ^ = D 

^ c-uJl^j iiLL-Jl ijd*i 

.(to JSUJ1 JL5 xti\ 



Mj&' **ky ^ till ,(t r f) j£jji 


,{ Ayers and W«tcdt, 19^51 







\ 0 \ 





(Jamxietoi., 1M2 ) jXdi 1 ' 

y, = ‘K„ t Ol» *Lli i£A* Ijj=JLI i__db 

/• • ,T iiL^JpU ^ .— f 

.ji#i.n - = v g j ^/j^iu n = Ec. j^u; 
Cr 1 i]i j> £*>^' 0^* lij 1 ^ ^ *0^0 

t J T - J* Jiu Vl -kA^Jl OL* ^IUVj JjjJUt *Ui Jl u*u <• n 

^JLjJl JuP aJJU- 1 ijuJi JUc- QbawaJl jlju* .>bj? o-jJJU C>V i jL A,*li — 

.li^x!! <1 m> jua ^jL w> ^ 1 _j 

il ^...,i 


T s = -2.16 bars 












LdJu U i3 j)l »U< tby* 


HT 


T, = -2-16x2 — -4,32 bars aJit-1 i**Jlx* 

4^ = - 2,16 * 4 = - 8,64 bars J^JLH x* 

=JL,u<r^ 

'F m =-0.33 bars 
% = - 4.32 bars 
%=- 4,65 bars 

^5LiT ^ V jJl 2L<yJi ju* Lfxij L* % os-r tjjJi Jxp^ 

.Jwijb \TT -=Y 5 ^jUJ 

; ^KxSlS" jll XlJlj ^ xUlj j-»JU *Ui > - a . . /? . ' Xe-j 

0 m = 0.185 bars 
H' ra = - 2,0 bars 
'Fa = - 6*3 bas 
4 / t= - 8.3 bars 

: 0 ijS* ^j=il DU ^mJU -111 t Uj x*j 

0 m = 0.153 bars 
'Fm = - 7.2 bars 
% = - 7.56 bas 
%= -14,8 bars 

«^aJb J .-V •■ J j A *^1 DU i»- Xj-1 y Xj=- 4jL <J^a!1 * 

^Xe- 3JL*. j *, \ Y ^v* *llx *, \ 0Y' iijla0UXc- ^SLOl JjjJLH 

j 



0^1 ijbjj UjU» 


r 

• ^ 1 L ^ ^ ^ ^ ‘ HjLX - ! i^ ^ ^ 

0 m = 0.25 - 0 J 53 = 0.097 = 9-7’/. 

• Ay^X* jyUl Ijjijl j f* N V J <jjUuo 

' £_® eXX j£ OjSjI 3 <_s*jXl 'j-S^y i_sl iwL ^ <S/L«Jl ^JuJ'ol'i 

ky—J ^»U£1 £» £>L*V\ j-£>? J^U) J1 iS>j? <£~~- *&£* i>*»J Js-Xl' 

Jl ^yO jJZj oLlil ijLi *JjXl itjipj LA^-hj .^jJLX 1 ^ al-'j. Siuj y. L^jJl 
■ iLfrXl) jJl J jyixU <>*«i jjJU-l iiki* ^ 0J3- J£J ^Ull J jJu 

>i—*- (^jj-wVl -LfXl) S-fjsJl *L* 4 ^jU J~i 5 j (<o^ 
o^JI fL* ( £, ^) J|£JLJ^ sLll 

■hUmJ i |_£jJ l ^ J~£' 4>-jJJJ 0^ ®l 'ilw*- (j!^) l Jv^ Ij^iji 

4j ^jjii J1 J^iw jjii-1 Uku J+t J£ Jl* lSJ 

i j T g ■ 1iJ j-ju Lj-JlSI <**a]*I ^UdJ Juj^JJ^ J-S^J L^J- 

+ <J^J] .V *lil ^kJ jl oLJl ^ friu 
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.< Rhoadc^ 1972 > 







Hf 

ilj ■ ■ ,f jjJl) 4^*t) *U 1 jj_LM caJoiII *Ul oLJ\ 

| j H j L*Jb ^Jlj jj-U^ oiu* iiiJl Jf !bl& ^jJU^ ULaj (iji 

j.jJLM j_* iotlaJJ flJL* j-t flUl CjI -jUnVl jt jj&il l? 

J-jI jl -L -$>-1 oljjlj oTj t J™JJJ jj^bj-jcij ijpJ 1 ! 

CoUlJaJ^ t3L**iJJ ^jAajI ^^JaJ 1 ! J-i ilr'L jjl ^\j 

^J'l 4 Uw- jp^V 1 ! oUUsJl ,j-<i 4jU>-L>-l i _—^1 oLJl Ob* 

^jji */* \ * t T * i Y * t i * *Ui JU-^ J eJjtliJl L$JLp 

. j.jwLjt-1 4 SW.a (3L_fct-1 4 -jojSU '^Y i V t T * i 1* JajLi OLi \ 

L ^ L-^g j Jil ^ j£jJ I ij ls *jWU>*| L^A oLJl j*al£ ^ 1!1 J ^xj 

.olii-l j\ jl^^Jl! oUJl V 

o l i g.ljH j <^-jil[ uu* *UlL O/JJ 4-j_^1aJ! * j.Wi| 0 ^_£j 

lJ L? ^ k—jI^LS Ju~- Lm.i b-J lj— j .. I t_o) 3 ^ta'j“ 0_j^^ ^ J li ■ ^ .jp* ^j-olhv J ^ 

4.444 fl .^U OLLk'l ^--yj M ij ^JLL^jl OL J l I n \\ ►ULL -^>-L ijl iw^; oLlli 
j i»- \ I *<_■ *S -b^i 

j j.diiJI aj jr*J *U*r^ l 4 i ^o J*_i CjLjJ( oli J ^LjJI 4 vfl-lC jL iilS* 
^lllj ^jsJl J <*- 0UL1JI 

^yii^iruu ijb! ( ij) 

1 J J -/^ ■■^~ ^ li^ j| f3 ■ ,■.t, ■• 1 | L_3wL|aJ ll 

bo 1 **jj ■ 1 Jij- I ! | Si •& ^^ jw 1- * 1 .■■*■ ■ ■ Oj b'b*^J L 



^0 


jlis 


Jj J1 qS\J JM ^^sLtSll J|- up- — \ 

yjj 

. Jj^-Q 4- U ^ s H *ifL^ |j! Aj2& h^ - I 

‘ ^.j ^ ^ 1 J ^ >L ' ^ ^^JdP- ‘ j| "^ ■ ■ ■■ J : Lh^-- I ^*1 ^ * L i i ■ ■ V LjL I L j 1 j. ■ J ~t‘ I ^ J Jta>- J ^ [ 

oUU) 1 £***jL^ JLt -L+a*j J«JdJ i^j jIU.1 fJdS 
lJIJsJJ ^ULI ijA^ oU iJlt U-JUaJ -<_fJ1 *U i>-jJU 

H- 

jJl 1 ! .J^IaxIIj . <-*-jlll jU^I Lf 

ju* jju j^j ^jw i y^ ^ji j^Ui jL^i ^juu ^ uuj; 

*LU L j- J > aJ^A-1 jJl £•« Lflj Jl**jj il'l <w-£ lSj^sH JjU-1 £y+*- J-^* 
^^ J d\ L-$j-*aJJ ,>liaj ^1 J^-E ^J - +VI ^Jk 

,^csjVl *lil L^ jX^o .up^***U jl ^jJl 
jL*xi-lj <_$j-^dil i j^~j otj djjJI o^i oit 

iJ-^E t3j-t -L^jJ I J-^ , J p£ljJ 4 *Jj h'mJ i i I ^jJaJl jp^o jJi\ 

49^^ 1 ^ t ^ I | ^JvP r ^i 

ijll^jj Jl 3 ^ I 

ii \ ‘d ■ I—I »|rt ^ J \ I £• J ■ ■ ■■ ^ ( i ^ jj j ^SJ ^ *— 

J L " l? J^^rJj jl V * H^" I I »1 L_ _? 

J._vj . ^_JJ Jl ^1_■> VU j , - ../g — a. 1 i ^Jl_L^ 

,3 jl JJ l) JjJU-1 ^j—J.j . -U-P-jilt <lSw^_# J| i- j4 J- ij L j 

j‘ 4-j^jJl 0 L-JLI * _^ l gW1j' j.^1 h rt * j_* *L_** iflll 

m\ I |1 ^>-jAil 4 aJj Jll 



LdJu U i3 j)l »U< tby* 




^Iaj 4 rt.7JjJ. I 4-^ljijJl J 0_^->-jjJ 0} 

■■ J-« 0 “ v «^ -L*j Jl A j^ i II ^ 6 J.JJll 1 

J1 jil *UA L>li *UL1 |j:jXw,A LpIjJJI ■—*^ jp^ j + SjU> 

4jl6 C-Q'i iJL^ '-i-L j- Jl jJtithJ'l ■L«r ¥ i5 l 1^1 ^!h.i ■■'i Jj jjijLl Uial* 

*LA1 jjiJUU 4aU^jc I^-jJUU jh*x^j j.xa* 

AjLU jtULI ij. Ijuj^ o \ 1%i-t ^J«jJLs . A^pJl .j-* 

t£jJ* 1 *4^^ L*jL-jI j^Lil *JLa ^3 ^^*Vl ^5^j^> Jjuw OJj H\J?\ 
( t f 1r | j*wilai1 4 j^JI i«J \ « Ljl l ^4^J ^ ^ 

.(ECeJ AjjiJI *1* ^jJU i_^ lj-^ js^ 


(EC,> (#jli »u jjiti j* SuItJi JrfWl iWi vr^'j outJi J*i ,(t,V) Jj^' 

<Mmm and Hoffman, 1977; Maas, 19*4) (ECJ lj/Jl **■>■/ 
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■<M) Jj*i 
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S l ia. ■■ - M l ^45*^1 ^1 Lit* — T ', . I A>^jJ 


1#^** jtajJ il£bi^ oU S-iULl v£j oU-1 jtUll j 
JJ Jf^a-j ^jJ-lj ^ j^a ^JLp ;^L™Ji V j^sJi j 

Lw«jIj^ j \ Jjljj- Jj>-J .^JsLH ^j.Vt * i j JjVi 

i^JUib ajf l v * ^ L*£ ^-Ll^ J*ia 

ftLll J l M , j i Im * 1 ^r 1 ■■■ fc' -•■-* I J ■ 

^^JJ SJL^i-1 Sjb5?1 jJS lij jbjn <^-jJULl OLi ^_Jb j IsJb oJi^uJll <Jji ^ 

■ ■!„■■ HiLll . frJ 'ljk 

jp ! -»A>tJJ l \^ r jg m ji jj^-* J <i mlT oLaajI a jU m ■ J \ ij| 

-jjM-' j J J-U*5 # ^' J* 











































jjl »U< Si j«■ 


n* 


(ECdsm- 1 ) 


3j50 

l 60 



(Mohamed and Anu r. 1972) 


(M) 

<iLisL J*vjy jl Jl^J Of l)Lj "uJJiP 

,J; Sjlj^jl e*L> . J^lj- oULjlU yQ, 1 ! I jr^" SJk^l^Jl *L^ 

o) Jl J-— iJ 1 ! <JL*ju jjJUU J^s Jjjjfi 4iUall 

+s j3 •W 1 ^u AiUaJ-l UUIl c %*^ i>U^U Jjuil J^USI ^ J^t 

oUaJJ VI ,j> jt 4 jjLww» Oj& £)t JJj^iJ 























jlis 


¥ 

.jijirft-l ^ jZ ^Vu'Vi OU Vlj {£ 

S^^oVl Ji;..-. *.! uIa 01 *—£ l_j^*J 0^ >—*£ *Ul *~«£ 

J*-Ai» oUk* (t,%,^> 

^UslSJI (J'A*'*^ Jiij 4>ljJ <lL i_ tj*£ 

. Jl ^ J * ^ L^LawlllkA 1 :^)\l .1.. — *J jl 

.( James et a!., 1982 ) h jdl Jjl^- Jl ^ynJll Ojljdl 
Salt Balance = Salt in - Salt Out 

Qiw Ciw = Qdw Cdw 
((, Y)...Diw Ciw = Ddw Cdw 


.(dw) «*i^ aII *L* ji (iw) (£j)| *L» ^j*>- ■ Q 

.(dw) *1* jf {iw) ^j)l *U Jr*£- - D 

.{dw) ei^aJUU j £**Vl j-fjJ j\ (iw) tfjJWU j ^Vl jjS'y = C 
7 - • ,■*» *j EC ji 1 jJI *-L* 4^-jJu C*.J L; C \£- j5Lf^ 

: (LR) J r -i» oVJiaz* 


(t >A)...-L/f = 


BC* EC* 


D *. EC, 


\S J —^ *■!—'* ^fcL» ^J—• J—? 4_>j*a >»_ « .!'. kUl_JdaX* jlJ—jci 

*1—■ 5-»-jl» p-_# ^J—aj .(EC,) oL-Jl 1 | L-h- ^j Cs^^L* j (EC W ) 

EC e oLOH lj_L*>u ^J 1 ,^J jjwl_Si l j_$3j 3 _JL*jJ\ ajLyaJLj 

j*-J ^-Un; jUlj .( Maas and Hoffinan. 1977 ) oLwIjj l^L^J j_£x 

J J> UiftVl sj—ij JSU EC, J 3*i. 






(i.V) JSLsJl LR J-_iSl i^LJtk^ jJJZ jSsj 

3 y^bdi * Jl* jt-& 3 <*>l ff Cwil 

v ^kJt 


<M). 


5<ECe)-EC w 


J-£j EC c Ji-rfvJi A-^-jJil ^^JLp pj,ra-■■■ it L^jJi oLUaX* —LR 

■ ^>i li ■ ■■ -1 i^^Ji JULt ijj*&£- 
a (dS/m) lJ*Lo I^jJu = EG W 
*L*£ m ^ ^ -*3_vJ^jv 0 — EC c 

: ^ i ■ ./i Hj ^ ■ .,^a j IJjLaj Ota i3j 


(M<). *.LR = 


2MaxECj 


| JL | ( Leaching Efficincy JJ^^JJ 1 ! U\J£ ^Uww Jwv jl J^-fj 
JJ^U ,T) JjjJLi ^ ^uJut ^ 

J 4>.ai JL£-^ lJ j-^£- 






,(Ayen mnd Wc*icol, IVSS > jJ-flll ,LF 

j*'} {$ > ^ > Y) 

}£j J) J~«* ^ Oj jj- 4- 1 j fS^j> 

j'i K*m Lfrjl. k. i *JL*v I jjK^ |_^jJJ < « . U e-U*-l <Lil wJlfc I 0} . u,Xt JfjL 

Ojlil j ^&\ji ^J-jj 01 A-3 e1_«a As'w^efl 0 jJ_j Vw»-L$ ^j£'l j'i ^ T ' Lw 

p< 

AJW 01 ijF^ kJJi k| Jj. ^ <Jjdi J LvPj-^ti- 

j*-vi^4 Oi-Jtp J *LU &^ij£ 0U 7-^4Vi A^aikdl ji jl JLrU 

tlAjL«jp) 0j*nU ^ ^ * 1 Jl .J ■,!■? 7 %L* j_aJJ*I J^j-is 4-5 ^Jij Oj^H j_aJJ*i 

gLJlI jjLo*] AjLb ij. .<j-jili 4**-A^^AS jJb J™AJi 

-_3 £■ V^Vl - jjAf jU**Vl jl ^ ifrljjM Ja ^jr^J 

LOUkll frlii 0U SJAA *1j^Vl j + *w4*jjJU J*Ul1 #+UT SjIj Jl iS^Mi 

.U> ijpf 0_>5j oLdJ JLjUU oL^Lx^Vl oLlku 3 J™J*iJ 








Ilf 

j\ i Jj ^ Vw 1 ^ 1 1 1 UJJ^ .LjlS i ■ jJLLu> J^JUl .J 1 U* jjJl i_^: 

SoLj lI L ^ l U^^h 4/l-U 

1^^ Jwwvjol C’jpJ Jtf ^ Ju -^- -. * J > 

ijl LJb^ \j ^£"1jj ^1 * ( J™JiJl ijj wLu> Sjjij-jiJ^ 

.SUi^jiStJ Ijwj ^Lf Juu Sj^ JLlfr ..-PN11| Qjl _ iVr" n lJUsJ 

.111 4^L^I jt jjL>^fl ^1 La ^jL! 1 v^J -^jlil 

eLAl J ^ \ * Jj-a JuS^ Jirt*vjjl W L*Hk^ J ,£_j1jjtJU ejLvj- \J i.... j 

ijj .yt ^JJ All jj-j SjIjJ AiL^L <jls aJ-^ j-JiJ 1 ijjjJ 1 ! ol.UiS* <jls- jji 3 

Owr A wJ| Qj) a lU Vt fli L—J £Ul Al< ij'li (j*J ■ ■— 1 jJLLaJ.! J|j ■ ■■ Al ^ifr 

-L^j I ^liJjl |*v5A-r *1“*^ J^aJI oL^-Lo- 1 o^f - 

oL^-L«*-V^ iJiiiAl J ^laiLwJ'i jLSa^Vl JL>- Vi 

oLsXJJ aAUA V l ^[.Vi * ■ i \Jkz*- ^JIaj Jj jUa^Vli 1 - JuL-^Jj*! 

,3 jjLiJl ^AJ JUftill jJall (j) S-J 1 jliaj*V l li L( J^uyJkJl oULlalrfj. 

Jj~«J' #L* J+Jfi _^X*J l*tt ET ^*J ^ jlkoVl 4^ U-Uaj < ET 

jLL»V^ «LJl oL*-L^>-V^ **->■jJdl 3ij L « J lj (J—-p J 

<> 

Ljj^A? lJ) Jal**J l£?Ij SwbJUr 

Jjlm 0jX Uju* J™JJ! V*' J c°- 5 dS/m) ^ Jil ec w UJ lL^- 

jLW^AJ i jj£s Lajj^ j J-Ums Jji jiaj'ir-J^ 

oUJflL* J EC W (jUiil L^jJI ^Ln J o»jJ 1\ ia_ws._^U jki^ I^jJj iil? 

(£ ,A) jJ^-JLJI . J™JJl iuI ■ 1 i j^ f ul^-l tiJJi 4L,d^^(LR) 

.jijJLi-l uialjo !^J jILjO^I JtJU- 4>- 





Uo 

j-UnVt ^JLJj 3 jil jLla^Vl Jt> j,jLv J Jm_* LgJ .JjL ^J 1 (Jlj 1 

^ V 4,>U j ^.- ■i xl iJ\S oV -L® jUwVi 0l& 

l>jS^ |_J| ry <Jlj1 Imj ^>U'V1 ySy 

oLJI 3 Ju^L*<*-i Lf Vl ^y .jYt 4n^L j ^oli jjJbM <JLl* JJ jJLpJI 



, j\k*^|!’ ^jpL# Jju hyi\ *U jb-jU .(1, &)j£_SJ ! l 

( Aym und Wciicul, 1980 ) 


J^um^t ^ 4JU ,j ifc* jlk*Vl i^JL*J ,jjffU^ 3 ^°' 

3 ijyJl Jl *LL1 jt ,*£j ^ji 'wftJ*! j- jnisUiL' ^y>- 






L^JuU- J^jJl si*- 


m 


^ i.i-w J.J *JLL ' j ^ , miJj JjjJl mJ? O- a J Jj j'i ^jajjjLl 

j^Jl cJi5 ISJ Lg^4^ ^5L»\M Jh-.fi- J^c-L-J Uj^ dJUi Jjo jlL*Vt 
t V ■ J(™^ J * I ^ jjJ 


ij.jjJi #Li <i>i* 

HI 2 3 4 5 



( Ayvn and Westcot, 1380 ) jtLaU 






jlis 


UV 


S^ysJI S-i'j- fJ j^j Sj^siU Jill i^s yXZ j£j; 

*jjS ol _??*£-* -ilLyt 0^ U j^.> Jj .— « .H 5**^ oljji j*z»$ 

jjt J—lixl iu_j jJp 4_JlijJ, 1 ijU ^Sf -j j*_wijI'.j Jj^x_sil liJLat jl# 

t^ULJlj O-L-y^jjJ^ JbJjJli JlllLjSi 

: iiJJjJ <JjJLkM aUW JJLij i^US* 0®i 

*4UJ1 JOU J^JJl * 

^ Ji ^ c u^s «i > 1 r 1 ^ 1 * 

Jju^ /j* Jil oVjl*jc ,ji^JU * 

•Lfjl'j'j** 

r^kV^i 4jljU ^wwvJU- rknJ^- t-Ldll i ■ *1 ^ ^ 

CiUl r j^ui >y O' ^ ^?J1 ijb)h ^ ^ sjU- 1 Sjb^l 

oL^L^Ohj oLJlk^ Jj? . J^h-JUU *UU JI iAL^Vb 

i ^ 1 k—^jAloll ^iXi ■. ^^ uj u*^ ^jSoc_ft i ^ ■ *> ■ ^ ^jUA 

^Lh a^L-sJlIji f fL* 3-*^ ji 1 ^^ Ob 3 j**£> Lu-Vb- 

a ^Jl*i ^Jw 3 j4 JLii Op JuJLt j- djiji* ^ir jl *JlJJ:- j-£- .JijJXj 0 *jLc- L^JoJu 

JU^ JJti-1 iiL-J oULj ^ dJJi ii’U.A Wa^ -4UiJ.> 0 

<JLj 3 *_*-JUj J™-*] 1 ! j^Ji_4J ^(>jC OljUf- ^4 ris-jiilj ijj^ll JJl^ 

: ij tlili 4 jL>L*i jijiJii-^ 





HA 


, _jjiJ j*JJ <^_- uLj >j lJlI jJ JbiLi * 

<EC ? ^Jl ^ j£J ol^fr JL=—1 * 

■'uiltjs- w^-w— ■■ uxp- i (£, Y) ^vJu * 

.J^JJI 

ECe 4-*-i ^0 ^+™ih OjU^J jJ-Li-1 Hial4 ^ (3^- EC* i*J # 

XipTjjjJLO i>-jJUU oULJ^ Jj-^ 


j*^i J-^(t,V) 

Crop Tolerance to Salinity 

l i^jlo 4>-jJuJU j o'ULJl l3JsX£ 

U- ^j-Jj | -£ jj^AJ -aJ 1 1 JLkj ■ I I l|J^ L3TLJC J .rCi-l"" ijLt l '•Cj ^ r ^C> JUfr 

otill j Osmotic adjustment k-i-ScdJ oULJI 

J^Lsil ^ 3 j+iild! oULJ^ 2jJi OJ ■ii-UJi 


Ubjf-Ju JLJbj K^JjijJaJi ffJj JJLi J 5 Ju?- ej^*dj L|1^C 

oLjUJ^ Jw*j^ j ^**1^11 lj^l^-VI 1 i iJ*j&j j-S^t 

[i iSj^ JhjL—Jl 3 C-jl? ^Jlj ^in .,1 ^ijl *Ul! 

„ aj^J 1 *L- jj-Ln ^#lj iS"^ ^ 

'*- 5i Jr^^ 1 J ^jCi A~ —' ■ I <■>■ jJ^AJ oLjLiJI Jw4^ 


.<-p-jJli ji’i ^lJ-'L* frLuC oL?LjJ] a-Lt d-tIj-j j4 ,*IJL*iJL^ V ^il^- Jeijiji^ 1 LLj-j? j 

jlil ^ JU^ ( i . T) Jj Jui-1 ^ IfcJl ^^LJJ iilliJ.1 cAlLJl 

J jUL^II j J^Ui J ( Maas and Hoffman, 1977 ) 3UU11 Lut 

o j^JocJI jujaJ 1 ! *4j_^-J ^ VV JjjJU ]Xj* j jlJUj .lj^^T/Ij 

oULJ\ ^JLt «JU- Jij .(Ayersand Westcnt, 1985 ) oU-1 jJpbll J Loj^ii- 





m 

5Jj,1£*1]j . L^J^zlS ji jTCr^L ijJJJJ c^ULJl *>j> ^jjJj 

^JjCaa — .^j ^L*ii SJ^r .jl olJUJJ ^*Jb ( t . T) Jj-U-l o-U -Joi* 

JJ j J f i <^-jJuJU ^L*J- J <*~u l1 il I 

* 

Lj U L - ' - 1 . LiQi^* j C ^* O^iAjl IjLj^ j J Ljl^ Ljl <1 mitfiH CiiAjf i( £ i \ * ) ...It l 


.i^jJLU 



^»S * j l- i>Ukl |i «J? JjJw>- dU-LSj (t,T) JjJL^-1 ^ JLi! 

Jk—r Lr bj ,oULJ* jvjji; j ( Ayers and Westcot, 1985 ) (\, \ 0 &J\ »L« 
L§Jl* ^ LJ£J1 oL w->jj(i h T) J^jJ- 1 oUL oLi JULt 

i ^* ECw iS^ U_C£- Jlw? 1^1 J^^JL 

IXto ^1 j^whu^ ^ ? ^ T) J j JjL-Uj . / jjH*Jju* 1 j V 









LdJu U i3 j)l »U< tby* 


w* 


4 

Jjji Ja-uijil ^ jJlI JlJj^ JJl'i Uaj 1 - a\A\ t Jai*- iJj-> «LlJ 

^j X^Vl ^ L*J* Jj^U ^ U* iJUlSJl 5^15^1 

^lUifaLwJ f+£\ j-J Lf -lp *UU C*v> 

^ ^■.h■■■■*. i ^U-L^-L hXJ \ l . .-...‘ b> s u_j o^ ^***4 -wrtw>- 

*UU JLi£ \ i -r ~ ^' * ^-L>1 LS ^*j ^ * ™T * J-m^J -Li l - r 

oULjl JJ k_-^ ^JlA^ a J^ Jj j + *j?^ oU 

fO "JjJ wJ^ -. iW^i 1 < , ■ t jfl ■ I ojl 

Oj^Sv JLi olj ia_^ij^L\ Jl J_J151 i^jJh 1 ! (EC W ) 

* 

jjLt Lj j.„-i,l ^ < T 'Jti" j L %**$ fljU- 1 ! i-Lfc ^ \-^4~ 


m < L.C I bwj^ l—*' j F l 

o’uJLk^ ^IwL i. T) Jj jU^L oULJJ *>■^U 1 ! oUL* oj 

^jJUJl! l^lu^ kijiwUJi jxJ ij’l L<&£ . 

oUUJl oU^w^-jJ iJ jJlU) oLiL; 4^*jJUul ^jJfcJ 

oUUJl J^r Ujjm jJU- J i *U UjJUj J i>-jJUJJ IfU^ ^ 

ul «ww£ oUiaXA aJ^Jjt-1 jtLul! jjJ^ 

4^-jJuJJ O^UJ 1 ! Jil Jv^>J 
Development of T-nlernnce Data OUW j.jJoj <‘.v,') 

iiidt ijjiT cjIj'U i ^1 jJj (Maas and Hoffman, 1977 ) ft* Aiij 

^jw ^ll (1 1 i ) U.C J ^ ^ 


(U") . y 


EC 0 -EC e 
EC V ~ EC m 






(M*>- 


+ ^ l^ L “ V 

( ^m/ jj^JJu) m '/jA*& VI- Oj&j l^vLLt ^pjj-^-SJl — EC 0 

( ^*«/ j_ j .*.JJ.* ) . /- \ 1 ■ ^bjV^ L*JLt- ” EC | [jo 

( J*-|/3^*J1*) -ii/jl J^i^- J ir*.^ = EC < 

; SjlxH iJaUU £->>; (Maas and Hoffman, 1977), f l» y*j 

. y- 100— hiEC* — a) 


-ijj ^ i .mI I = y 

.o-jJJJ (J SaLj J£J lJjh,a^! j j,iii'Jl = b 

^ \ * * {jt- ^j^aibJL J _y-^1 IfcJu*- U-$ ^1 *j -jlil i>-jJ = a 


(M r )*' 


. b = 


' ' EC e at 0 % y ield - EC t at 100 %yield 

IftyAJ 4_^jX"Jj OLjLJI ^j. ox x l ( t,T) iJjJ^- J aiJ ?*JJkl |tJJI 

,( Maas, 1984 ) j L*^U f j ( Maas of Hoffman, 1977 ) j J ^-SJ 

<-*s*N c*jj ^L*Vl eobj £-* 'Jai- oljLlSl fl-wj-bljl ijt jj OULJ 1 ! j? JL* 

ij 4»JL& jf U ^3 .^li^Vl l l-iftji J[5U jJ- 1 ! 

<JLJ1 iJjUil ^ Juitt Y) JjjO-t ^ EC, J ^1 Ul 


(t,U)..».-.£C, = 


100 + a/? — v 


^3 fL* diaJijjd 1 ! EC* - W. 







y ji-^j & * s v & * ^' jj ^ * # i^ ^*_j 

C—f E€w p-Z} S^iWj ECe Jj -ECe, ECw pJL> ikJ_y* J&j Jj-lil 

j EC c JJ EC W Jljj>lxI Vo J^-UJIj .(EC t =1.5 EC W ) <s t >UJ l i 

Jl «GB <j-b^ ^3 Ln^ ' “ \ 0 Jf-wwJJ 1 ! «J 

J& JtaH^tlSl ^ k_—j£)1 Jl^LJ (t . ^ Jj«bLl) JJ 

ij ^V^Vi p51 i ^ r A < 41 ; (EC() IjJl !>-jJU 0 L _pJ& C-t 1 T Jjj^i-l) 

1 . |P~ V 1 ^ r I ^ ■? L* ^ 

.EC W J EC, ^ fys* 4frUJl .lb OU ^jVl *U1 ^^w- 

J—■ It (jl C—(^Y 0 } J[***jJ \ L_rh—■— ■ o^_jJ jJ I ?w? 1 Jl /jA J 

Jj— (*, Y) JjxJ-l ^ EC* jU tJJLyt Jj—. (EC c =1.5EC*) 0 ^ 

*ulJl k—J$t^l Jju Vi kiUi J*£r jj£ .j^-1 kJj-^" 
fUll c?I 4j^U Jl (EC E =1 .5 ec w ) gfyr UVUI1 ol? 

|k ->f U '1$^ jJ5iu EC fi J ( i . Y ) JjJuLl g£ Zjj^JU 
ij1 (1.5) J-* 1 ^ j^cJ J. . . .wti k_-^ Jj J -JLJl *Ju_JJ- 

Iw~ujj Ou 4^^JL* b ^'IJj^mjIj ECe |j*-^ *( t ’ \) iJ.J-bLl .^'jjT^-iLi ,h«Jj 

. X Y * — \ S ir 

(Maas and Hoffman, 1977) j*. 4 jJjt',„j 1 oULJl ^j-- 0 ^JatVt :H 

.JL* oVj Z ^' * — 0 * ^rjyj £j^“ U L^ 

frU 4 ^^La ! L^o1 \ 4>*^La kJ ?^_y Lfl^j 

uJ^11 t j& k JL& SjJLlll oUJI IJLj JiJl EC P 1 jl\ 

J.-i, IJ | ^ 1 ^ J \ i EC ft Lv^ 1 ?^* V 1 ^ J 4. ^ 1 

( t ,^) J^jUij- Xi rY) JjJull jp^ 1 ^3 jJhUil iijh ^0 

V 

, ijJW? 1V \ 1 a 1a Jj; JU ol^UJl 





wr 

MM I , I L-J 4J I--L 1 l O^fl ^ ^ ^ '--J 1 'Jl AX£- 

( t ? ^ ) Jji-wJ J *L>- L+S Uh-U-L*^ O^j^wil J J-L^J Ch**—4 l&y^Obr 

. * * 

j-Slcj r (£,t) JjjUU J ^1 oU-UU ^ 4 ^- L^i (Maas, 1984 ) 

; Jl 43-JLJU L^Xfc^ i^lJLiil oLe* 


Jjh^ 1 'JW ^ EC, 

j. ^ 11 oulJi 


p^AiW^ vr^jjt 



^/^JL r-^r 

j.■~~L. fl.fl ■■■ jf.* 

T 



r 

i*jd«/jji< jil * \ b—1 i 

iLuni 

* 



a 


^ju JL^ {t X) JjJlL 1 ^ 'l^j^^jj l^ULJI Jcs_»j jL«>-1 
.( t ft Jjvbt-l) oLJ^M <?- jJJ.1 jF^t jjiT l^jJI # W* 


-fl^ja */ <t/, 1P7S) . v-*U ^ ^ Ss*^ j^f \ ^'>U1 , ( I, r ) J jdJr\ 


(W1& 1 Vji 

014^- jJl 

i s j5i «V SJ£a* 


J&#¥ JM 

jj ^! 

>2.7 

1.0-2.7 

<1 

dS/m 

EC. (,> ^^l 





v—>1 

- 

- 

<20 

nietl/l 

(Nal 

>15 

4-15 

<4 

mcq/1 

(cr> 

>y 

1-3 

<1 

meq/l 

(B> jjJjH 





MugcUbomub 

>7r5 

1.5-7.5 

<15 

Tneq\l 

(HCOj - ) oLIjk/^ 

>30 

5-30 

<5 

mgi'L 

(MQrN) 























LdJu U i3 j)l »U< tby* 


Wf 

.(Man, IW(4) A# <^1 J-*^1 -(M)Jj*M 


O’Uy L_J ^ ,>13*1 50% 

(EC, tkfai) 

1 L i 

ijj ■ 

16-24 

J** 4 

15.5 

cM 

G-I2.S 

h .rtS 

13 


12.3 

8afflow«“ 

14-16 


13.8 


S.2-13.4 


76 

^UU 

13 

JjVi 

13 


10.4 

^Ja^l 

21-24 

syJi 

11.4 

lT*- 

5,6-7.5 


S,0 

g^uii 


0) 

j A, fl tft jl^Aa ECif ^ ^ yJ^ 

: 4*£-jJl LLb£ eLi LR ^ Li / \ * Jic j 

«j.i ?,♦ t V* < *,© < »,\=ECi 

■ t<*£ Sj^byO ^_J~UXs 

♦,Ti * MY < •,«01 * »,• IT * LR 



























^ XV* * XA* * H* ( t\ * • Jir J_-£ w-J xt Ui 
EC* f*-i V' = ECi olS »U« X&j 


Maas & Hoffman, 1977) 


z*f JU_o )Y i W,o » A,o «. V = ECe 


Oj^J aJLuJUI oL^-Lj j ^V 1 - jii 
.,Jljd1 » r *Af < \'\0 t ',\r < *,U =LR 


(V) 

jjt^r *y = «^jju oij ECi ^jju *Lii cji5" lii 

JL«# L r .->wJ ( Maas Sc Hoffman., 1977 ) (EC.) <*Jj 


*/ ',^4~UkO V 


EC 0.7 „ 

LR = —=£- = — = 0,1 
EC, 7 


j»^ji1/ k*0j} Y * - ^*^Jl (ET) a« j <1)1 


A=i> rf +i> rt 

v 

.\ D, =LRx D, 


i -- 1 * j Dd | j^aj^xJLj 

D t = LRx D t + D a 
Di -LRx D i + D rt 
A(i-i«)=o. 


D i = ——— = in,da y=0.22 in/day 

* \-LR 1-0.10 





* ^jjl fifrUS' 01 ^Ipt ^^ 

y . 0.22 in/day ftl1 . , . 

D i = D t / ejf - -—-— = 0.31 in/day 

j*j <jU »jjl l*~ey Y yj —i uUaXj ^Li 1 * ^fjJI ui .y.'jis' l _ r ^- • 


_ DiX Irrig, Interval 031x10 

i ----- 1.55 days 

Infil. Rate 2 

EC^. W i0^ l ■ i k-jL^w>" ^_x ^ 

^ \ * J L—LL a I iJ J J EC f 0^ ( j P ^3 l |^jljj! 

(Bernstein, 1964 ) L^~ii ^ < 51 \jii\ Jl 

jJ-LJU d M dlr « ^^jjLa JjL*** Jl Iw~^ t" — " oLjLJl 01 J—* ^ 0 * 1 J^—i'iJl OLfj 

.(Bernstein and Francis, 1973) 

(?) 

/ j jjOU A, V— EQO'jSO UdiP 1 ej lV-UL* Lij^-1 jS031 

LR 1# . /J j-bY ■ * * = ECji ^(*L* 01 j& i Jj 

J* 

/. & * Ojl^l 1 ! i<J jJaJ^ 0 |^ 

/jjaXa \ 0 = ECjw o|0 3 

n^T A A i Jll 

LR =- ^-bL -* , v -= —-—= 0,048 = 4.8% 

SEC’^-EC^ 5(8.7)-2 41.5 

FC 7 

LR =-^—Si- = — = 0.13 = 13% 

«?* 15 





ijjJbL-1 * ^Lit-'iJl jj jLi-tj f-\T (jl ^jrkjJ^\jil\ (jjj jiji)\ 

iikdl JA J o-jiU J1 ^Jjil jLfr jU^V\ 

.1 ^yil UUJl jjJU-1 y> Lf lLJ1 UkU JUblj ^ t ,A 

y (JJVJt* ■ 1 J - -i (ETj^lil jTmVlj tlAa^Jblll jl 

,j till jl 4ISL^1 - >j-t-H frt* O— 

ET - D- - IK 

* ^ L£ l*~?ibUil j 1 *«->jj D^. <aJJ JbUil J*j 

D = Ef 

" 1 - LR 

. Z./J M-Jj (et) — ^s»Jl JSJ «u iSj^ ‘^r* ty*^ - US? 

(t) 

c>l uju Sj ji^* l _ # ^o\jt j *-*®W° iSj^ a ^r* i^* £ " 

/^%4i y *^0 A * j HCjgf J 1 ^>4* ^0 ^ “ ECjw J ^ 4ll I ^ 

S fjJI/ <«**> * , ^ jU«J ^f'lll ^IVl^. w iV 1 ! jt LflJU- 


= 1.03 cm!day 


D Iir 

II 

1*1 

S 


/ V 

D. 

II 

o 

QG 

_ .-■ 

fW 

yn-ij 

D. 

q 

tf 

II 

lJH' 






(*) 

\ * EC e <*J ji Lk (LR) JLL-JJI oUb-^ll jIjO* v ^t 

jt Q xfc k lij 4£iLy(»l 1jj) (£? lw ) '■L" l_ ■>» -» -1 ,J^a f 

'\,t>= EC„ ot Lk .(JL V ^jL-j J'l\ ‘IVLf^-V' 

J* 

EC W 

5(ECe>EC w 

Li? =-—-=0.031 

5(10)-L5 

FT 60 

D. =—— — = ——— = 61.9195 mm = 62 mm = 62 cm 
w 1 -LR 1-0.031 

O) 

SjjjJI 4 J -ci j,tSL* 'i t Jpb^ 

jj’lll C**JU- iil ir f J *1 -) JiJutl pL* J J* 

\ ^ ™ J <| llU ^j 1^1 ^ j Ul-d K J I .Ipj 1 1 ii jl jJU £ hJj| ii'T’TtaJj 

.T, * = * LL EC Aa^j l /j^aaIL* * ? 0 = pH EC 

j* 

_ "*" ^itr (w _ 15*0.5 + Q ih> x2 




Bwr Z>i ■= ■ 


■\ EC, 


fl - EC " 1 

f'-ll 

J 

l 6 J 


15* 0.5 + 145.5 x ; 
15 + 145,5 


15 +£> 


= 145-5 cm 


■= 1 ,86 m 


Etf = ^ Cfw =1^1=0.31 
EC^ 6 


Z)^ =-=-^=-Z)^ = -^-x 145.5 = 45,1 cm 





f l 0^ ij^ »Ui >%j*t>- 

1200 x iH = 541.26 m 3 
100 

(V) Jtirf 

\ 6 * ♦ ^_^S1 *-U ^aaSI J_^a^ ( LR obf-Li*- 1 }?! JL>-jt 

w-ldljJujsJl .Uj rt * Tf^r'l yiji ^ L?^.jj. l J 

Y • = tLo ^JOl ^ / ji^JULi “VY ~UU 


Ltf =■ 


2 Max EC fa LE 


ECw = 1500 ppm 


£C=-- = 2.34 mmhos 


2 34 1 

LR = ——x— = 0.065 = 6.5% 
2x20 90 


L>, = ET 


EC' d - EC ,■ 


(A) 


01 oUl 


2) , = £T + D 


n = ET / 

Ul A- LR 



LdJu U i3 ji»_j y j)l iU« 


z>, + £r = 


i-ifl 


D, =——ET 


EQ_E^ 
£C, £C, 


-£r 


£Q 


EC ^ ET Let 

ECj-EQ 


EC 4 -EC. 


EC jj — £Q +£^ 
EQ-Eq 


-ET 


EC d -Eq 


(V> 

S“*i> ^ 5-e-bjJ' ^-2 - yAi - 1 -^ 1 b -*- 51 tJjjt 

.(EC, =l.2dS/m)i_».jJH jS j-£J'*Lof ^ Jjf Jj 







800/0,65 = = 1/4 —jil oUJl *111 Ob JJjJt u] -£ (ET = 800mra/year) 
\ oUjsu* oUk* it ^ *W y fS ,1230mm 

:oUk A\ 

EC W =1,20 dS/m 

EC b =2.5 dS/m (7.1 * ^ t,T JjJbM) 

EC.=1.7dS/m (X> • • £. il,Y JjJlU) 

J* 

:(£,Y) JjjJLt y v ^llii1 J^^JJ L-Ml ^ 


LR = 


£C 


1.2 


5((£C,)-(£C.)) 5(2.5)—1.2 

1.2 


= 0.10 


LR = 


5(1,70-1.2) 


= 0.16 


y /* ^ « XS- 

y ^ \ * * xs- 


AU . ET 800 

AW =-=-= 890 mm! season 

1 -LR 1-0.10 

5>LU1 *UU**£ 0) 

Jy-JjJj ET LJxi OjiUl (JUA<t * y jJL. nr * 01 J ET y * ♦ 

/j *1 ■ <7 %A_Ajw | r ^ j. — I J w\J^- l» fa V— '. < . ■» ' ^ Im-wl J m'mV mJ ^ ^ Li 

ijljj J J-^ $ J«l£r _ L_jJU ^ Lb yS I JLajJ 1 



LdJu U i3 j)l »U< tby* 


)AY 


(Y ♦) Jla* 

dS/m 7-7 s a i-»»J (t,Y) ijjJj*- ^v* ^LmH >ji_--j «u>-wd] .b J ^- 

JjjJL-Oj (Maas and Hoffman, 1977) aJ-Aa* 100% v^j JUfr EQ <*J 

; +*$ 01# otjLJl ( J> ».'tf i (i. Y 

b _ _ 100 _ 

EC e at0%yield -EC e at 100% yield 

loo loo 52 

_ 27-7.7 “ 19.3 _ 

EC f J ejbj eJc^j JSJ j 0,Y (jjl 

EC e .jJii /• \ * * XJJ- 5_bl»i1 j b i a i AS ^j-c- l ^< 2 j ^cJA 


EC, = 


100+^100+(7.7x5.2)-100 


5-2 


lldSim 


; Jxe- EC c Aj^JI »L« j 


(Z) lUs£'- 

EC* 

\ , , 

Y,Y 

^ * 

*1,1 

ve 

\r 

0 - 

w 


TV 


Factors Affecting Tolerance y L*A jlJJ ^Jl <t ,V, Y) 

^ -H 

0 <_Jk ■ ^k£" I . J^£- j! i ft-J UsjLam LJl l|| J l l jy j. I |. I I 




jlis 


oULiN Jj-Jjj- cS is%^>jl\ ^U- 

1 jySZ -i3 -illx* ij^j * a '^ * jL*X£-b i?~j}idS oULxJ' 

.£&)?1 ^ jjtxil j o> jt 

«_*- jUi} oUUl J—~xJ (Maas and Hoffman, 1977)(M) JjJuUl JJ 

wJ ^ {** J ^ 'i ' 1 ^' '1 | i3 IjLlU ItwLuil * 

/ / 

LojaCJi . ^^ic- <jI^JIjJ .JU- ^ Iji ^AJ 

J*i ^CJ- Ji l^lfl ^*uf J_^fcJJU t ■ jS\ O- jlil wj'US" 

i^jUU olJUJl i_£-L« ^ ljh oLOte^ih <JJJ-L£ 

i_j OfcjAll oLjUJ 1 ! y~* y ij-A 

l ^J\ ijUu^Vl *JLt J±* isL^^ J£L£/ ^L>jj jjUU j^\£\ 

t/- 1 ' W 1 J-* 1 ^ o-* c^' 

L|J -j*,dj j 3 jjLJl |_jJ^Li1 j l^IjLxJ^ OLs 

oU4 jl ^tLil *j lUJu ,j-a s j-LjJ 1 ! 

jjl_Ji j-^Ll j oLsLjJI Jj ^jJjir i^, LloJI j 1 - ot ^jj^- lijj 

jj ^OL*Vl j--S"jj ejL/jj f-ULI ^j_^J _j_p ^JLJl ^Vl oLi 

+ l^*£ r |y £*£ j ^^UV 1 ! jija iiaiUJl jlk-aVi 0^ ^ J ,_^y> 

jlj oIjLjJI J-j /j,* *)1\ ^ip^L.dinij j*£ ET (jlt' ^-JJaJ 1 ! oL# ,ji |! iiL l i j 

If 

tj-* +-^ ^L*V 1 SjLjJj *Ul 1 ^*LaJ V 

J J^] ^kwJ l^frl 'w -^—j {jijJti-1 ^jiialrf 

™ 5^“jJil l i^ kjLi?iJJ a^JL^~ j£i\ l^IjLJ^ ijl 





ut 


wU^jJ 1 CjS/ t ifl-rjiil J~* ■ ..7*15 j 

J£ti^ JJ oLJl (jQj ^Jil' -U JAjJjy- 3JU*^ AiLjffJ C^j 

•Vr ^ 1 J**>- J 1 \S>j? J 5 \Sy^ 

' 8j^'(^.v,r> 

LauvliM/i 1 ‘ ‘ ‘~ ^ L ^|1 J | 1 0 ^]AmnJJ <yb)M JIa^V' ^*1 ft I 

JlJ^lilJl^i-lj 

^-,-jJU ol^aJ J_^L>^ a-Lfc H j^-jXaJi! 

Olj^ij LfJj *L >-jfi ^^ ^Jl jL^Vi |jil^ ijl^ ^\jlll g’j Js -. v v .I. i 

I*Jjt ^ | i ii Lwm *■ A ■ * i rt I i ■'i—w>- w-' V ij .-ij J -ill hLjL^JJUj lIJ ^ULs^J 1 ! ji tlj I—^ V ^ Li- 


JL* j^L-J JU^SI *JL* tfj ,oLj-V^ i^l-b j-« ^ i^-bJl j-* oLj 


: J^JJj C 5 ^ JS J' *~Jl j ^ S^kf-Jl 

Leveling (^Ijjll j*jfy<j*J ^ 1 kj~S ~' 

y 

& ( J ta Jti-1 0j—£ *lJL>- Jg *i4—4 ^r_^/p iJj__S^ L^-jilli ij-J Lc- 1 

. iwvJ '^PiXi ij jyj2_J t UlI . J -v.J_ gjj iYT ; ^ j pA_* j 1 ,3 yL s—* 

«—jkl_dl 3 *Sl fS'lj-J J! &}-7 <dj—j <jj-> ^—£j lijj 

dU J <4 j »—Jg »UW l_J 'jVtmS LjJ9 ijj_$o 1_4 ajl_c-j | j_* 


ji*LjJjl J Vlj r OL_jJJ 3Jfj—f JS'LL-JS w™_> *UL1 hJL-J iivji, 1 ! 

ijiUJll J L-J 1 ! 4 4 _ 3 -jJJJ cOLjJjl tQl *L_Ll 3 U j|_So Ji_Li -1 ^_SLjJj r l l l 

JLJLj 3j Wi — 1 

,j J\ ^^JL? xljJ^r ilSwJli ftJLfc ^JsJ’Lij oLJl lJu^o 

, ^ ^ J3JI ^ ■0_ |X■■■■ ■ > <» 3LL] * ^3/5 iJn *' 





Uo 

Irrigation Time C-SjJ — T 

# 

iij jLtr J j i'j. L^j'l JlCt i ,,,.,, If OljLlll jL^^] ^jl 1^^’ O-W 1 Jh> 

'—iJ*-fJlj nSj^i^LJil J^J-^Jl J Jj I^4w**-J^D Jj 

1,1^ iL^j-V^ >k^--^- -jl .■j-jIjjJ i i ^-j jL^j-Vi jils JJU: ^CjJi c-wJSjJ 

.oLjJl ^jyy> ^-Ldl tli 1 ! i^Lj. Jl ^ j jj jj ijgJLSl jljSa ^ £ji jXtf cjIjJI 

* 

jl4-JU^ OjIJ ^U i£ jJ^ L*Jb L-J? ^iuu ^sf Jj ^jJ 1 ! jtjij 

jjt L*Sj *UL1 i*\J& i j^a JJLi Ltf ljUaJLI *LLl J1 * JL ^ l£J-N 

j\ ^ijJL tjJjJl 3j^i Lfj^Li* JLit 4 ■ h i'-^L^ e^LiS* j-*aJu ^jJI jjJ* U^3 lJ-j^aa 

.JusH 

p-*-j ^ ' |j ijS-f k*J£jA *U* j C>J 

H- 

\J^& wJl^J l_j^J 1 ^ 111 I i_9 . ^ j I ^i Jtt l! 

L^fa ^IjJj i isljL^ S^U-l *-1j>=^ Vl Jij ^JZ**** £^j£ 

ili viUJ Jji -L*-j ol (_SjA—4J Jjjli *L* .y* J£ j^jJudg* 

l£ ^ ■ /? 1 ^ ^LU-Uj- jlw i-Jj^ 4^- l L^yij jjiaJj wjUjV*i 

.^J?Uk^ flX* jj i&1 Jj 
Placement of L Seed i jiJl ^ — T 

u^-S^j Ln LJ 1 ^^ cj^-jJ j'i oLJV^ <L**j uit jJjj is-jJlll ijb LLLm- j£-j- '>-*£* 

Lh^JI ^ Uj-^ i _ ? J^ l^jUI«J 1 uj JULt S-Lj- C-^ljLi Jj-vfiJ- 1 i ^ j wflj l /jmfi 
Jl jj-i-Jl isLJ>l j-A4 ^.jHd ^ SjLc-j 5JwJL^ 

<JU^ j pjLjj JjAjI SjLjJ 0^ t—S_jj-t]l (j J*XjJJ 





wn 

*3^* otiSJl ^ jjb ^£]j (t,fl) iJjji'L j* Lfcf 
c/^jLjt-1 ^j .l.j J j .sj ^ oULJl Hi _ r JL4 p-U- JJ 4iL>^/U JjH^il 3 ^ iA$Jl |jj 
J.JJ«_Jl _jf 3 .j^ uS'ldli it1j_^Jl 3 >JrtSx]l! j-A I^pLj 1 ! 

|T 

■-^-a- 1 Lj i^^4> ^ wj *4 j | ^ -^LJw 

t5jJl ^W 4 Ulj 0oljLJi 3|3 ^^J 1 ! £-* 

jr$ j? 3L* UVr^ J* 3i iS0^jr^ 0"* £a«J 1 3^-w 

3 jj^-^ <^ijji o\ i^a x u is ^^uVi 31 *- ^*^ 1 3 OjSL^ ^taVi 

3 jjj-Ji ^-f'tjij l*i 0 t r ^ \ j^jlji) ^-y^Vi 3^ >J jij ^^ ■^ T ’^ *-* 

- Lgj p-S^jJ *-£^J ( J i r ^ 1 3^-^0 jfjJW 3^ 
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-( Ayers and Westcot, 1^85) - S*J*A^ ^1^41 jj-M* 1 &*?[ J^ -( * =. *) Jj*^"' 
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( Ayers und Wrtkuf, 198S ) 
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Lund Development fur Salinity Control 

^,■1 g* oL^t*^ 3jh^. .J) jT i jA\ 

jV^ 4 JU 1 JI jJi t tijLaJl *ULM # ^J1 3 jjw 

■M 

Land grading iijjKlI Arfj-iJ ” \ 

•JiWJ 4jjjjp w t w *l ^_3 ^ 

^iwLI J^WW^ J l^J . (J ifr 0 l_3. ■ ■k ^ l ^ >» 1 . 1 . J • J J .--^ J *~: ^4 hJ 4j * 

L ^jMiJ L?*i* Js-Jl ^-UViJiUJ^ 
Improved subsurface dr Ain age A / ^s Jiu J 1 C*£ AAjJaJ 1 ™Y 

Jj jV 1 ! *LJJ ^ y. — ■■ ■ fl—i>j1 jil C^ 4«JLkJl J^U—4 
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4 , rtW n II oi oUj L 3j*»*a3 


Deep Cultivate ™V 

O LtiJU i%Jww>- e-^LiSU -L_’j vjuLj L i l Al l Cj L -L k J^ ji £■_ ki 
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i Oi—l* Jw* Jl ^^JLc- a jh^ . nJ i ^ iijJW^Sl ^j—4 4jU -Lr^lliLj, 

0 ”1 0J ■ ■ rt * g I gjLj^ 4 ^JlUl 4_J[jJ-1 ,4 j.41 H 
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ijLoj O —y oXl* + L|^ jH3 

*Lv^ ^JuJ CUifljJ j\ <^JL 

■ ^ | * ! ■'.' jjH* 

Changing or Blending Water aL* JaJ> (t, V, 1>) 
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^ JaJi- Jj ^JU-J £7!*!^ L^ji j^l 

H l Wj*rVlV fc Juj*xi" ^ *UU y™* | i ^ r | J ‘ . 

a > 0 ) ( v *ai us - x v AUj^o+tf »m * \ MjSj) =j^wi »ui ^ 

(Ayers and Westcot d 19fr5 ) S^JJJ iiL^Jd till t Jl£* 
(EC W = 0-23 dS/m) SLJJ1 aL** j-o *jJU^ Jjh^£ 

jj- (EC W =3,6 dS/m) ^jL^J ■ |WjJu jL'i .LslS* eU^ j^JLc- 

a Li 1 laii- ^jSL+1^ ^ .Jjfc . ajjJ\ 

: ^]UL yA SU01j ^J1 #L* JJu£j 
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jtJi a^L. 

0,15 (LF) w 
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j' i. L ^l_xiV' i j-a f* ^ * -Lp o L JH ax * 


: 3U^LJJ isAJLJI J*~x] (U> Jj**, .yJaJl 


LR = 


5{EC')-EC V 


LR Ca)ial - -—-- 0,02 

5(2,5)-0,23 


LR Wfts - ---- 0.40 

f " 5(2,5)-3,6 

<Jl>- J L* ^i5v' J™jJ 1 oLJjsX* 
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*L-* JLLt- Lil .jjr** IfJ L^>- dJ'jJuil tiLll ijlj .jJ wJLm aLJajI eLi 

JjLfhr 3 £ ^Jbj| ^ i # Jl jJ Jj ■ ,*]\ inuiuj ijU jlj-Sf 1 ! 

i - .--.> - olvaJH *UJ <1^U ^ \ 0 J^wsfr SUUl *L* 


^=£i; 


i-if 


= 800/1-0.15 = 941 mm/year. 


A w = —— - 1333 mm/year. 
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.SLjLJI «-B < u«^ =Xa 
.^Jl (l> = ^b 

if a= 1-b 

/.0.23(l-b) + 3.6(b) = 1.7 
3.27b = 1.47 
b = 0.44 
a = 0.56 

*L» '/'H 3 .V..JL ; *1* JstU- £ BJ 3^L-H S,>L_) ^,£c aJIaj 

.eLjtJl «-L» 0 1 J 
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kUl? Ujw U,T *ui «liffj jhW> iU v^ 1 oJj, 

L>fj i .^^JttvJ'l ^ijlL* Jt Vi ^ J k Jj ^J b <_£jrJl Jut 

^V* -ii^^l oViAa-* cohji ^0 Ja^jrji* 

. ^iuiall *Ull i-jLjpi J# alJJ !>U aliLl 1 . dLI'i Ji Lfijfji jLSlfc/^J p 

( j^ l i T i^^f\ wjjJ^ Jj^l ^-jj*iJ oJli" ^yUl!l J ^ 

f ^J-U W 4J-Ukl A*1 LLjLL kiU*>" i3 

^yJa^J 1 JaJL^Jb tjjjll J£t l*JwJ V* 3^Lfl£^j 
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T * A 
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sM kjA^ ^ J\* iJUUU jji^i ^ki- J (4Sm" L > -(£ ? ¥a)j£j^ 

cJb iiisjt Cllj! JUt H-tl—./jiJ-'T, JjLiu JL* JLfaUSJl jJUlnl aJ-U 
,( -i 1 t Y ^ i>l j*pJ^ ) 










LdJu U i3 j)l »U< tby* 


T\‘ 

oi ^ / T* 1 ^ ^ T— " 41 ' ^ ^ J 

<J^\3 ) Ij* / _^U™J.> t T JJ L^ jLi^ I i>-jJuo Jt-naJ aSLIaa! jJpLU i j^a J^£ 

4j-jJ J »,rt " ^JpLJail oLj L* J|^Jj < 3 - jAil fl JL& .( ^ \ ^ 4 J 

J^waj 0-1 eJUJU .(Ayers and Westcot, 1985 ) ^ / T,V JJ jJL*^- 

iJfliLsil oL*jJjt ,vi iJk^- ^Jjl ^jJ^ oIj *ULlj <>Sjbj J n_<jl£ 

jL^bJI v ^ Ji JJU- fU^uJ oV * ^lJXvJ.1 LpI j^\ 

.jUjJ 3 Jui-i EjloVl JjJ ^ <Jb- J Jj 

4 

( EC 3.6 M“lll *LJLU iJjjJ jJl i-ijill J Jj^a^ j^UjC^/ IJiij 

>? el—* ijbJ j ^LJ] JL*S"I f dSm 1 ) 

SLLD el—ll AJa_^l^ j^JJ JjJ tk^ u - ^ tl lpA 

flJb- j-* i3 F * SJLi ^-frljjjJI J-ju lIUJLSJ olJLJl abll 

-L* aJLfcj O^jJil iJlfr *LU ^ “iiiji JUijj. oLli] _^+Jl 

^ ^ j t ' 1 b j - 1 W ijjS^^w ‘l -j 1 ■j — ] ^ y r 3 . 1 ^ 1 J f'Jt - 1 lV y ■ 1 ~J 

O jj eJL jJ i j^A>- J-3?j + ( it \ 1 ^ ^ i 0 1J I ) fl iSjj^ 

: J '^.y 

A j - i* iij *jL*s31j Ajjij-^r ™ \ 

iw^rUli J^T^"b ^ i’^jj V 1 ^ ol '^-^s^S JJ iliiij Cjb}\ 

r ( J f tfjjj^ ^iijjj I4I* 





ni 

*+£ ^ ^uiJadj aJLjLl i_, , ” Y 

^JL& *—,>JiSl Sji^j*# w_j i-JU^J 1 ! 

Cjl^J^jS'J ^J_^» Ub’lj^ J r ( ) 

oLjJJ ^jjijjf.Vi i-oljJJI L j^j &j F *Li- l l Sj-ji-^aJl i j r * iJl^- jJ ,^-it- 4 j 

•jr^b u'^'j ^jJb j.y^j^b ^s-<IJjJij Ji» 
UJJl oluwil isi^l5i^U ^Lii i_~£ -T 
* IJ JjJ *1 jwJ _^Lfcwol 4ii4+* J 

*"-^ln... h H^_j£ ^L^V !| ^U.. -l JclJLiJLj L^yl ^Ltu H-J'i “ t 

jjJLi-1 jJiJaLrf Jj Ijiljail L_d-u£j£- ^ JLfrL-j 

, JjH^I Sjlj {£>}i U 

*Lj: i^ljjjl J-i 5 j* *^lj ij^JJ SjlJLI JjbJ/1 -0 

[*jhJ T* SJLLj oLi JA ij Ildiil ftLil 1'xllA 

^ rt^Tj ijj^d_il Siljj ^£JjJ lLUj Jbu j 

£ t!*3-+*> C^- J?j_U>- j L^iwiaJl l—- tjjJl <iLjpJ ^Lj*! £-* jL-iJJl CjI i-^3 3 Sjj-^- 

■ rt ■ ■■ r 1 C-^ Uj J't}Li ^jjl ^Usu t-Lj'ij- £ 4jjd*i 

^jJ 1 j1j-& o\ Lr *^l o»^Jl iJ jlj^J ^ ~ ^ 

jJjljM flU.1 %^j£ "^'-jJ^ 

. d. L^jj SjliVl \3 .jT^i 

(<>m djjMj jlJ&j -v 

£ L'.^ ** I j££- Ojlj I . Lwia J - J ^ ^J 1 

riiisil ij^'ijjJl i^-jjij^ J|i J US' 



l*i*U J>_f sU Y \ Y 

9JLu«( (£,>*) 

ij^y^lSaJ li i ^ 1 * 4ji*£- _j r J LskI# J O-i^ \ ’ ^ ^/ 1 ‘ 

^ ^ ^It lJ ^ 4 Wi rfw3l *4^* 1 4flwJj ^ ■ h II /^ 

tj! ^J-viJ ^^lleall till B( JIj^Jl ,^1^ ^ V\ j 

till lX^zJ J^fr ^ iiaJj ^y* 4a**J1 

4^j>U? Ob ol^Uj ‘ T 

: JL LoS pj- V£ 
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+4*^J1 /jt ^4-T * ^bJU *U^ (^ 
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■ *. 1A = J}j jjlp hjiS T t UJ ^ 
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jL)J 1 ioaLJI J6I&JI t } U\ 

kiUiJi *)£L&+ (0 7 S) 

^jJl oIjjj lSV^" vywJ* o>-^ *UJ V Uju* ifiUJi il^Xo 

.onj^l cuU^Jl j ijj'iJLJJ i-Jlil oL^-U^-V^ j flL^* (j^ a-LLv U 

l_m- ; jj ■ ■ ^ i o jf tjj oj 

1 lUJJJ V^J 1 . rfJLvo^lj r. ■ Ji) AjjlJJ A j-ljj i ^ 

gAJ! 4 ^i ^Ui^l 1 JLftj oLJl J 1 0 ? ^ ^i\ aUl v*£ 

^Ji^Iaj ojLaJ^ <15vJw«i 0) r^— ^j-Jl ^3 ^j-p 

Ujl, ^Ji JUu oLJl L 4 L- ^ lujis V^JI UJJ^ Jl 0 UJ aUl 

jJ-Ha^i] 1 ! JiS ^ - AJ lSlj l^_jp-1 /J« (3^-. Uv? i oL-lU ^UU ^^H. 1 ! 

+ j>lji 

oyjl #Ul1 JjJp-J (JjLa^J i-Jjj^Jl *Lil JJi-i^J jJ OjliJ 1 ! 

Hi H 

■ ih fl'WjLa *j Jlju* 4£-L*% /*_Ln ^ jLLaC *—Jjh^J-1 J Jjl* ijl 1 J Jj-j 

* iJL*j] 1 ! ^J; L* j-*j /pJL* \ T L*^i w>yJl 4wJi-1 ij 





YU 


LjJ! jj _j 1 hL^i-^-jSJ 1 . ^jp )^-‘ij i _/ l «lajl ij jL x* yyj pf jjjJ 1 - 

iSj^ ^-Jl > iLKtt ^|^Jl jJtjj -Cation Exchangeable Capacity (CEC) 

1 ^ L*a I l t—■‘ , ^.■.■. I \ j \ ^ ^ ^ ■ ■. 1 J C U 

Ltf ijjS-IJ ijjjSj d**3- iJjJili Jj-a *JU>- <™J olij *UJI J ^IjJlSI Ji^i-1 W^pJI J 

i j * j»J ^Jjl j jil j JK.I 4 ^JIjlJ 1 ! Cl Jut jllli JLlS J-JS3] L«LJL ^ -bJsJ 

J O^'uuJ 1 ! i ^j»lrt jljw j h O^JJ frULI ^jLii J i_J^ K Hi-jJ l l J Ji m ±A ^JU- 

■ J Ujm ^Oj^aJL 1&V& 

j S-JIp-j j JtajjjJ*! 1^ * V jJ j ^jyJaJI o-La* :y-J * 

,oL»A^ j • 

, <vjj2 j till * 

jslaJ' u^W (O t T) 

j Kao Unite C—^ ^jjJojl ^Lul *-ii^ ^Xe- <~>i£y^~ 
j Vermicultite •jL^tjhS j*jJi5] j Illite j Montomoreillonite <jL~jjbj_y£jL\ 

. ( Essingtoti, 2004) Chlorite j Mica l£_l'. 

J 

t m Ad yj J .! i^Lzj WJJl J AjJJ^aSI 4j 'jJUt J ij'-Ja -1 J^Lx^ ij'l 

j l ^Jg - n u C J LjJjLJ j oUj/V d-L^ ijr lp Ojdi 1$^ j ^JaJl L&j i -i . ■ /*“ - ; 
r k—- ? I.-.J ! | J ..*.-- ' J ^ n". ■■ ■ I, h ■ 1 I Jt ^4 U *-Ll 1 di ■L.w 1 * j 

Kaolinite (* y T ^ \ ) 

l$ L.L..... Jl .Vi O^JlSI 4 ■' ihH ojU .1 Jjr* j 

(A- Octachedraljl ^L§J^ (Si- tetrachedral) ^ 


1- 



^ jruii 5 jbi 


YH 



, J| j'lShJ I 1 . ‘±f jJ £., ^ ^ 

M ontom crdlta nitc Chj 3 { * 3 Y, Y ) 

-L5JL^_!l j ^4 i^/"■*■- ■' ^ *i ■ jji •*" "ji ^ ^ lj 


(Si/Al) Ljj L^a^j 3j-* ^-ubo ^m-LZL 

jv (CEC) oU^^^GJ kbLJ! j£j X ^ ^ AY s Ojj^-1 j t^j^O h 1 : ^ 

f*'V * ™ ^ _■ ^J- ^^ *■■■ ' 1 H -> - w ^ O^i ^ ^ ^ L^s o »% ll * \ ^ ™ \ 

.<0 JSLSJl) 


4CM*» 


<o*> ^ 

KOtt) 


«®s*5 

4(05 


JiwJi) (A- Octochednd.) 1 — ,v* L&ku*(Si- tetracbedral) 

i jS j-a *JLU AJaJaX* j jpjt oULiaJl jJLfc ^ ^UvJV!- yj r {flj Y 


iZj'i fl i Ifi Si 4 Jl£ j Jli oLtkJl :J^ ^jjju J ^-jJ’i j^ 1 ! *li1 frjj- In" ■ -nJ + 


i*J W^liUJUL. H*-A* Ji oU^SUJ U*U\ Jbj. U 


VI J .(f v * A1 s ^/ T p A • * - V • Jl UU j 

j—* LJU* Lr ifr ^jh^- jlJI *_j< j^Jl J i*%—±s\j ljj*&-> j-^L (swelling) 





WW* 1 ti jii «W* ”>*- 


YY* 


^jjLr ijj^- m ^XJ\ j (Smectite) c . -m l C« l . . .J l j 

r J^U J i-iJwff ^43^-Jl Oj&i ^UhvJ(p 


4Si 

*CPO 

HJ1DUI EKdCfil 


W) 

4H 

4C6]kafQSC 

«mnr,W 

WXSfCHJ 


4 SL 







^JjLjj*iijl1 OJL** jJ .( i,T ) 


ouj^ LhUi iiuJi (0 ? r) 

Cation Exchangeable Capacity (CEC) 
j\ ij^Jl l J— * ^LJ-sAh* 4_Jjj ,J: ^lS-SI^U oU jjlfiUl Jj 11f?| 

m i ■■ Ji 1 jJ w>-jJl j iJjLJl ^a—JL u JulL 1 . 

j o lfluA . 1 L» <^-U ( j^a l^Jj t 1 1 * 

d- S .U.jJ 4jbf .oUJ- 1 ! ijiiAJ j ^jj L|X3^(^ j ju^JJ 

( 0 >' )* * ■ ••»*•■**•• -CEC — Xc#i/2 + Xn s + Xmji/2 + Xk 


.aJjLJI >u-jl I j~aj hj> {*>■ ) * * / ^Jp - Xca, MgNaK 




»Ui ^ j^uJLi Sjbi 


YY ) 


Pji ^ j pujj QU ij f f£Ji SJiLs!' JjuJI SiMfr (0,Y\)) 

Exchangeable Sodium A^Jl j JjLJj aJjIx/I j » II j*_»j 

aJUI SJjUIU Percentage (ESP) 

(o,Y) .ESP = t^txIOO 

(CEC) 

m 

X . + X. 

■^Cs -Aft 

2 2 

. 'Uj*- ^l y b *■ L 

j-J'jJl ifj'jU.L till (3 jpJ wil l 4***J j7*t.3 LtJ 

(o,r) ..sar= , = 

|Co + Afe 

V 2 

J i I j (ESR.) ^ § J^Ul^ \ Aa•*) uaj 

: aJUI iJA»iU iJLitf (SAR) »IU 

(o,0.,ESR = a + b SAR 

(o,o)..ESR = 0.01475 SAR - 0.0126 (James et aL , 1982) 


: SJaUil C-Uji’ JaLdl *ij.y 3 .j 1 jjy 

J* 

1QQ(-0,0126 + 0.01475 5^) 

) . _ 1+(-0.0126 + 0.01475 SAR) 

^ JjaUJl JjVi U-UJl »Ul r >,.,-,4-J 0,U) JjJaU jj 

^.jJH L^ji ^^J 11 *1SJl.a Oti (Ayers m4 Westcot, 1985) 

( 0, r) j- ,SAR L«*J ^3j <_£jj 1 ! *U (EC) 

iJLkJ^ 3 JJLiw ijlfr o^JJ ijUall jJi ►L* .v* SAR j EC J5 





j ^ «>n- 


TTT 

j!lSI jj. Uj-w-Ji ijjLA* 4 ,rt 4_P-^ill Li ^ ^ ^ 4-J^Jj 4 ^ t, U ... 1 '■ 

h _L Jjj-B i)\ ^jpriS-Lid^l it- ^3- SjIjJ lLUJlS'j 

^JL JaJjil ajLj jl is-jAil .j,*?Ufc^ 1 ! J.'rta"Hil?_* i^-jiil Sjhj jl * 

.EAR 



1 ^jll *u *ajU 

frU iLw p ^0,T) 

(Arm and Wesfcor, £985) 

ijiUJi as^L» (©,t) 

<J"*^ ur^ J - *^ *, V j-* JJ frLi! 

j^J ^ i>* ^ Ca M L^nJa—J^ 4-J- jd\ OjUwj 

fjjpjua j ot ur ■■ I L ^ *1-^ J^jjl I 

4_Sj p J U |* Lw Js I yjJjU 4 — ,^. li!^ Lw 1J ^ 11-? 1 ^ W-J Lw.'.^ * ^ L .w4Wh^ 

_JsJw^Jil ■L-—J Lo ^ k—5 1 L*.^ 1 1 L ^hJl—V ^ 1 Jl J ^ ^T W 1 *' 









jL* J* Airtll lill ijbl 


YYT 


U cJj |^ 3^iJl Jf-^-* (J) V^ *Ui U5 JJLir Jj W’Utf *$\j 


,oUJl ^ olJLJi 3 i-- ^ - ^ 

Jjj^- Ji j_yJU *, Y ) Jjf JJ ,_£ Ji *U ,j Ujiil OJ 

|J Lh^-J i '~> [j * -l \*^Lj\ LtJ ^ htw J ‘l >.„.■.-^.h-J 1 C ^ j \ £ JjJljL'O 4 *j W ^ B-L** ^'.'A J |<U%hvAl 

l_J- j. mJ^I j'J^Vi Jy i._ i ■„> JJji L S AR ] j i ^aJX 1 >jjJ J wJ l LjulJ 

OUJU !i 4^ r jJlj jU^Vi i| lI 

£ i»■ .j^ 1 SI J i t— 1 ■—■.■ ' ^ 1 

J-*U i^Uj 5JU <J dljJl 'l^LAJ ^ L>LyLl 

Lr^ ^ ■.■■■»'jJj 1 jjj■ I j t b ^ JI ijf > ■^■-hhJ-J^o^ ^i tIT j UhW ^ ^'-w.j jSj^ 

* 

d O^*J 1 , l'J ,^<l ^4jt-Lul %^J ^ w J * i LjLw^'i 

Ji »iUi A j-»d j • i - s v^ 1 0^ °^ i o-^f 

^ J c)i L^ 1 r ^ 4**wU | 4 1 - ^ ' ^ J '' Art5 iS* 

* 

Jl ^ i ,; , 0 - W^^B . t*J ■ ». I E ^ij it t —j ^ ' 

Us - tlw oUJ - o/Jl t) SjJUil fjyrj “ ^ gF^ 1 5 ->kj* 

Lrf — olj-dbJ-l — -JtjLLjU — oLjJ^ jjJ lj^- jj^^j-' 0 ^ — 


^yiLiJl 4JL^JLjh j,. ■ 71 j CAipvrfl K^-JUil ji^A t^LJ L? ^JpUl ,J 
JL3 Itj-Ls- Ul ^(RSC) ^JLjd.1 ^o^Jl UJ j (SSP) wJlJU^ ^o^aJl UJ 

^'■-Jj'v*. I ■_'i ''^ 1 -P- J- - I ^ I,rt I’l kjwwj J-t SAR. ■ rt 1 ^ ‘ ^■■h"»l r" ^ — 


(^V) 


SAR = 


.Vfl 

(Cn + Mg) 
2 


liJUi^ViUii. 






YYt 


(°>A). 

(M). 


.. SARadj “ 

* * ■ 1 aJjRNs 


SAR(1 +(8.4-pH c ) 
Na 

UCa.+Mg) 


'i U- LU ! T^Ja 

JL ( 0 j 0 ^ 3i jp-L* fljjbdJ ^ jjj-J — Ca* 

pj***4*lJ - Mg 

(pK^plQ+p(Ca+Mg)+F(Alk) pJU by*M w*Jl =PH C 
SAR OLi SJLjJUU oVUsll 3 

SAR l>J ,<l)L^Uu^o 0 Ia) a . ^ - U j adjRNa jjt ^liwijC 

j 'j > jk.%-.--.-.n l ^ Jj Jj^vaJ i Ojpr* ij^ 1 

j jkJclJI ^JLJlj <j- jp 5 \ tL<i j s*j^vJlSsJi Jj j-LjXpV 1 ! 

^ jfr . * **J»0 iplj I J ‘I—-' 1 LJUP d^h>- H i»| II^J-1 

y£j j 'j <-\j—*v Oj^Jl j (ESP) JjL^JLI j^j^j jij^dJl <™J oj.'i^j^Hji ■•_•_ j 1 ji j_j6j 

*Ln jfc-A JL^f- jfc! .j^J Jj u jpJ a 1 

J—5"jJ 3 j£*LJ 1 . Oj lJ-J .J ■n J l ■£ JiIjpaJL-wm U rjh ^J^J 'l j-Ju^_*> t .,.1 1 l 

Jl 1 ! *jjdl *L* ^ ^ *- l L^ jj OjIjJlI Oiri klJwL^; ^j^J^J 1 ! 

Lh 1 ! j—ijj ^j.rt ^ ^jji 

Ln\ *L_* lJ CO2 4^jhji 0^ 4 lj£-U i-jL jJU'l 

Ju>LLi &O4 HCQj j- CO3 ilLL^ LhJL^ 

.ajmwJI^JI tulips* j\ a jk^JISJ-I oU ^ 

■—*J Lw^ I J ^L J ’i_»-'^l^ 1 ■ ■ ■ j ■ ^I J 1 l n_j u iU j 1 oi 

* | Zj^^- jJ Si ,=L L ■?*— Jpwwwj jS-J I I^T jj Ju -JJ>- I^J 1 ^ l l^jl I . ■ I I M h J ^ ^wwwJ JjO ^ 




»Ui ^ a^ui jTuJLi Sjbi 


YYo 

ijls <JU -j t ^^31 *-L» &L>J jgiiH iJLto oL-J-1 J JU-u V SAR oVj 

aJjIaXI ^jJs O-llj "}J SAR l)Is liLSi £-*J Ua^- 4j'o j J Ju SAR aJ^Lw. jjJaj' 

1{ JUJI JjJ y J (jfjJI aL* f-Jd 

J JijtajJj <doL*il j JL^tj SAR iJjlftj* y* Jj,*lJ 1 Lai 

j; (5jJi iiL^I JUu Oj'jjdLI ji* jl *L-*L f+*S 

£«* EC W ^jJ' J HCO 3 J CO* Jmf jJ jF^tj ^L^tV 1 ! 

j-* Vj^ 1 J p=—O' * 1 ** ^L- ^ 

■■* i| i !j-j ^~i^ ji ^*JL£3l oiij^ 

^JU 1 ! Jm^ Ji ^L-^Lj]pj JwLfti' ^RNa jj* -O-lA-1 ^-IW /rU 
jJN_L I q ■* I J ~~~ m' - 1 J| , AJil .JI ^O^La^Lf 'dj jj -j-,V I SAR J ^ 1 J '1 |^j TT^sJ? Jp 
oi ,>^cj a W* j 3 *k) Vj^' J iiiliJi j JJLL* 

(Ayer? and 1, H ) JjJLi-1 J SAR pj J 1 

.WesteDt, 1985) 

HCO^ oUjlj^^J 1 ! JJ aijA* ( ^0 J^-liO 

JjjJUj. EC** { dSm" 1 ) jJU Ca 

— *0 C^r? ■^jJaj l£^J' 0^ J-^*i (HCO/Ca) Th- — -. 1 

l ^J l i jiJ / i ^1^0kJJJLU Cax jpJjiJ Jj-U-1 J ^wtllj +^/j ^:. o A 

|-^j!}^ V <7- 1 I' ^ ^ ■■■■— ^ J J j^wX^ t+,m,.m^t i jj^^™ J ^ 

Jj^wi-ii J SAR. L^ fl jjRNa 

plpJJ* ^£x OVl w^ULl r lJ^Uj ,^Jl *U ^ (IU) 

k_jL*J«l ’AdjRNa HCOj/Ca 4 jj 

r SAR + SAR^j * adjRNa 
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YYV 


iU jL. Jf> a*4J jTuJLi Sjbl 


(Ayers and Wesrcot,1985) 

0^. 1-j iil ^1 L «-LU ^ j--> ^ (_•! jb <ijLL» 

: oLU^l'i 
^aij-U 

Ca=2.32 meq/L 
Mg= 1.44 meq/L 
Na= 7,73 meq/L 
COj= 0.42 meq/L 
HC0 3 = 3.66 meq/L 
ECw= 1,15 dS/m 



SA =SAR( 1 + (8.4 - ptfc) 

When pH c =SAR=(pK c -pK c >f P (Ca+Mg)+p(Alk) 
=23+2,7+2,4=7.4 
SARo,3j=5.64[(l +{8.4-7.4)]=! 1.3 



ECw= 1.15 dS/m 
HC0 3 +C0 3 /Ca=1.76 



Cax = 1.43 meq/L 


( a >') j* 


^RNa = 6,45 


a# 


RAfa = 7.73 


Na 

^1.43+1,44 


= 6,45 


JTUL- 3jbJ (*,*) 

*UAj ijjzJl yj?y jl i j i j"* t£j-^ oj 

oL*-U>-l *LJU l ^— >r JJiA-U oL*LJl Ll>-V LgX* Juix^w 

4j ^ Ljf j^jilrt 4 Twl ^ '.^ 1 I Oj^^St' 

w'UIJU' I I 4 j-U hlJ-£ j O-LJ 1 ! Jj ^ 
pnJca^y ^U.1 *LL oj 4 j*UU oli I ^ ill \ J JlJU 

4-mJ^ T rJ, I,J l I—* 3 Jl ^L*r4 Aj uJ S ^ J^J 1 ji£ »A? ^ Jfrl 'I 

OUj/l jJ I 4^§J * u M3Li! ( _ r C5^^1J lIjLJU jVlj! l^ri L-J^J^i 

IjJi} <Lb ^]ji ^>;Jl 5 £j1jll Jam J JJ «U>V^ V^i j\ 

* 

. \Jl>- ALy? 

, 4 4 o ju_Sj o^ L^i di ^jjwj 4 *yL*i ol * K \j 

Jjijt* 'Aj 1 sL* isJG£ tJuiaj ^Jl i oLsLmpVLs 

^*j. #d J 4 * 4 ■ I Uu^^U I 4_>_ |i T* ji I lu ~ l 1,1 J J i PiY^ Li -*■ H 1 ^ *■ J i ■ i r 3 ■ 

U ^ j UjtJLs-1 ^mIxS^ *LM LJL^ ya <A-dS oU 

4_jyJl j: xl 1 ! —=^xJ- 4 >aJ i^ »r„..■.■ ■—L 1 L-dUyili oL-jJyJ 1 ! 



»Ui ^ a^ui jTuJLi Sjbi 


YY^ 

!'k>- ^ .^1 ^2)1 <CJL> <W^ ^ j '- » ^ Ji'i ‘ •■1: .~ [ j‘- »; »*• 1 *- r ■■'•• 

Jl.^iJl ^JjUW 0^^^ 3 MJjx »'. ■ J .1 jJljJ^Jl *ljL>WfrJ 

rdJJj j aJL^I Jj^]^ 

di 

" - 1 l| A l I ^ ^ £ W'V^ LJ ^ ! ■_! 1 * a ^^3 ^ ^ O l 

jjt ^yJl &ju* Ji* j S^-L# jl *iyai 4 *iJp ^jUI ( j T jLi^^| ,| i 

+L £J\ *L* ^^ i^UJl jJ5vw> ij&Lk* 

*li! jl ^yJU iiUal^ OluwiM (0 ? 1) 

Lr^ ^rtrVwwl j l.il— * . J C 1 W^l _* ^ O^hiJ ^ ^ I i|fl t 4|J ^1 J ^jj^L l ^ L**^ 

ijl i j-^^ t ^jJl *Lj* J pjjJ^1 fr-lUj jl <L^-jJll ^yjLjU^-1 /j_t J^-UJ 1 ! 

*La 4^j ajLjj Jl J* 1 fj! iiUkll ^1ji^ 

^ qj-Jpj J5y ^1 ^^J 1 ! olu-^il .(ECV) l?J^ 

tJi ^ ^** *" ^ '' oj *1 w* irtll I 0li_Ji^/ 0^1 'OP ^ ■ ri 1 ■ ^1 

^"W ^. Vi , ^43 * 3 ^““Wj 1 Jl 3 ^ j " " 111 kSj^ j- 

^jns-^li l ^ai>w i^jjJjfj Jl 

Jj£jU1) JjLw J-|i jUJLji J !wq_ikji^ fiUh 1 ! J Uk>^ Xi* 

i j f rfslji^Vi Jijijt* c^lS" o_?' uT^"^ ajL^I l^I .{^jTT 

S^yJl ji S^jxSI J-^ flUil iyjl ^ 

i yr>J^1 tJj^a ji Ui ,J_^J j\ 

iJW j *LA1 J <jyJi Jl L_iukJ oLwjil wJLtt 0} 

lLLwJ^SJI n> JjL* J_^I SJ-Ln J-^L^ /j,-* Cj^JL'U* j-wp C-JJ-M2J _+l 5jJyL* 3 







LCaCOn Ji^-I £* i£^J 
>SAR ^Uijlj \ *U 4^-jJU ZJU- j iJUi 

t *—Q ^y» (Jjjuk ol™>- <;»3j-^aJ1 •u^J'i 

J- 1 IJ^!- ■ 1 *1 L ^ I .jj 1 ^ 3 ^| ] Aj J 1 J^d—- I * L ■ ■ j ■ ' L : ~^j I ** . J ~^- l^n C^^Js ^1 ■ . ‘C A / 


I flju- unAli i-^.Sf -J jJ | 


oli ^jJl nU* SAR i aS 3j>VjJj. jt ^^Jl *Lo j i>-jiU ^,>bwCl <l$w ^ Lot 

L>U <JLfrJ Lltl|C.^„JI ^JLjw Vj <jJ^AJ LJLiaJ 1 . j doJL£ oiUJl 

H 

.]Jb^ jJLJl* J^kJ j .V> j^‘ a nj^ ^ Jv*_C 

1^4 Jt M ^U , 3^^ 4 ^j3 m i <1 ^ ■nj’ij ||'*T j l — 1 1 Vi i I* ,^C yj I d L*J> | ^y n i ^- ^ AJ 1 ^ | Lo I 
JJ^ <_£^J1 *L* U-XX& 1 Jc>. VUi ^JU 0j5vj * JJ ijUia; 

r jUi Lr J^^1 *>-j <JL*i i .^wm/ j ^ i^- LL a * j 0 

^t I? ■.,.]! l«a 5^ ■JJl u -- L* U ,, ^ A * ot 

a 4fr^** j- w jJJ L^j Li ^JL* Y g ^jo Jj 3 3 ol——>■ j QaJ \ c-jL? 3^U o L—J- 3 ii j 


C V^ ijftil (0,V) 

oLa? ^JLt i^* 1 v j^' 1 *j^^ 11 Vh/^ 11 

Lajs ^ J j1™L1 ^^jJj-,iajl jj-Jf ^ ^ ^ JjCJ j 3 j^rtJXn t 3j-^ 

aJ-L^ jj- ji ^ h * j ji i_Jl 

e 4 

jju|J ^ Lai 4 LjUdlii 

^"Jl 1 ! LaIjX^ j^4 J l^lw- ^ 

■ 3 ^ j - ^ L.^-S J 3 j 3ji I ^i A>j | j 3 ^J | ij jJLjJ 



jL* J* Airtll lill ijbl 


m 

j JJU SJjljj! ,y jju iljj fl^Llll ^SM 

j* jjfrr£ ^ jA "N[92.CO^ .j^^jO 1 J> * ^ " ^ ^ t —-' l -fc^ * fc j ^J^j 1 ^ T-V^ J ^_ | ^*.“ J ‘ | ‘ | * J | I I 

J^L>-1 + aJLw CaClj ^j^*vJLSJl Ju^jiS" 3 NaCI 

s\ jhU <?Lhiflj j\ Ji™jJL ^jjJail jjLjJ ^-jlri ..■ jj^O^dJ 1 ! 

t \ \ A A i (_j1j^li J JU 1 ! JUfO 4 j^JL- kJjh^ ^ k*JJj (J uMziuj 

l£-LSI ^JJal j a^Axa ~ ^ 

* 

r ^4rjb ‘W^Lwjl 

.j^JLM 4 ah ■ a y* Jbul iJi *'^ iSj**"* -Jirt flT- “ Y 

j 4 ^j-aJ 1 * y'jJb J^Lil ^jtj j j-^aJ I Uilx* —T 

, ^j?J i Jyw V ^oIaJi zj \j\ 

tp-'lLd^j 1 ' Jlj* ^]4 <«j jsll (djY, ^) 

Saline Null-Sadie Sails jj* Lp%l* — 1 

I4J J^j p—/ jjaJU £ y j-ffi ^UVl I4J £j£j ^ yj 

./* \ G> J jl*&l 

kUJi 0 "* £ ^aJIjI wtJJLj? £-'A-*ulJ y» 1 ^L*-V l i eJ-L^ 

-Lj*- ijl Z^Js oLaSv; 1^1 J&CL+Aj S-U>- *L& i*£-jJ J;^-j£ 

* ^a$ ^^■J - j*-* y» *3?^" 

2 ^ Jd; J ^ Jpb-^y iJljU c ^Vl 

AV 1 =TDS ^*^§j l-jjLL Lc NaCI \£.^^~ 

*Ql j-^dl ^ <>-LJl Ij*U J ^yUb«^ ^ ^ «AS ^ k^™^*-Li tyi/ 

.j5bt /T 



j if j y «v 


YTY 


J* 


Tone Salt/acre - 870 


i^/jTDS) 


x 3 EEJL x 0.00136 = 0,357b« / acre 


oc 


Sodic Soils — ^ 

i>* JjLJLI j-* *—«> 

, i_ijiil i_jjLSx] »j_vj c'wJU i_U ' i. ^. /? 'ij>. a_aI ^ \ o 

«»*Jj eU.1 S^j'uk Ul> ijJJjj J^Ldl Na ^aii- "i? *.U.u XjJj-^ 51 Sjjijl j 
j ti*LJ _${J* i j —j 4—JIjL) ajJjj .„i H k__jI U jh-^ pH 

J ^ V i J J La Jryt' jj $j-£*La ,j* ^-.i,.— SIS’ <i ‘L^J 1 r^jju ^ Jm...iJ IS\J *1 

t ^JJjJ OJL^Lh*j.1 ^ljl l O^' 1 —.Jit ^j^-*J L£-S I 


. wbji^JS t CrJ U jrS* 0 

*k^L^£3l * cjjX)! (^j 

♦ JJ-^-^ 

■pjrWl (■> 

Ol-sS* jil i j_* jl JlJLt jJ-Ij oL^jjJl t j**xij 

■ juJ & '^XLX JakaJU I ^ ^ *| &- Ljr ^ i i If? ^1 I ip J u4j * j i i ii l^sJ u 

kU'wi J, 1 J sLJll 4-JjA* ■ -^ ~ ■ ■■^ l <- ^Lv *J_J\ .J—Jj 

,\^a£j lfcX*L>} ^Jilt iJU^SJ*! 

Jju lj^U ail ■ mJISnJIj 4j^J 1 Jif j'^lI .je*? oLs UfL-j U^£ > L*S * 

-L_; J J- ■!■■ 1 ‘jS-J ^ ■ * ~ — ^J J a j . . .. I I I^J l Jl Jj. ■ I %. . *1 

V'l ,J *-Xx \S.J^ ^ l^J ^ ISJI 

-Ou^l Jf^U CaCOi JpiliJLi ^jpij'Lfcj-Vl *i jL JlI j\ 



jL* J* Airtll lill ijbl 


vrr 

Saline Sodic soils ijtH 1 ! 

^ i iiim 1 ^ m i -j /ji^^-JJ-j £ 

oL?Jl1 Sil>1 j J^-r^JJ 1 ! | *X \ 0 y& J^Uil 

n ^ J 1 ^ L J <■ r i -S * jj^^ Jjt ■ >'?- ■ I J *1 »- A.«.■.■■■ ' 'j ^t - t- ! l -.^.-S j ■ 

^lJa£ *■ lj^-1 ij^r h jfJ J 1 j^faL 1 1 ^ uj L L hwtfL Iji^l I l * 1L 1 ■ ■ ■■ i 

L^*-Lij >~ ty*i i ^r M " i^ *■ | ^ ^■ 1 _J lJI J 1 ^ ^ ^ j j <i rt 11 ^ 

: ^pjl 4*^1 Ji y?Jtj i3^ 5 Ja| <^1 jV' 

,Ca ^^jj^aJl o-ljl * 

»K. ■^u J ^ j ji^-j j ^ 

■ O£-* fljj^aj l i £-^L*Sh * 

- jj - ^ ^_jC.j^ ^ ^ ^ ^ Lj - j l j^j w wJ tw^J *i ^ ^w-jl 

.Ca** yy^- yu^f oUi 1 ■/? * 

J IfcWtiuJW £l jaJJ yijA^i o^teUji (® jA) 

CaSO^HiO ^jj)< <*A') 

: JU1 JpUtfl *i^ ii/Jl j) ^j-JLli iiL>1 J£t 

]j£ + Orf0 4 + 2 j 7 2 0 ->] Cfl + A r * 2 S0 4 

V J f■■■■■-_ iN <JU^ y& ^Oj^aJI oLv^ y^ i ^aikxJ!< 

LiiU^j^ h*j^z J*i ij jA\ *1 jjb -1 iJU- , J_pUxH wLij ^IjJ^ ilU> l?jh5>; 

J^UdJ «: yjfc Ji (5j>" grr^"' ^^1 

! jJlJJl oUy^Jl oU^j^J ys ^^umJ’lSJ 1 ! OjUjjI 





Na 1 C0 1 + CaSO A —* CaCO , + Na 2 SO 4 

N^S 04 ■o 4-hjilj ^~ M i ■ »1 C&COj ■w— 

*JmvaKj 

j pH ^Jj Lf jlt 

J JiLiil j.^JJL* .sL^JIj pH (Jj -*bjj OjjjJ.1 fJ^=j 

4j^ Jy^-Jj JjLJU ^ .^aU^IIs lJJJS V^-J 

r pH 

S C-ij}&* <#,A,Y) 

l_j jiJl rVUti-l j (S) JUxl- 1 ^£x <i\ oL^joJl «^w>jt jiii 

#■ 

■AjJu^Ji I dJUi * Ls- Jj ^ jl lLUjj- Ajj5j,„rt n 

J! Jj-^j Thiobasi]lus O^jSlJLS jJtJjJ 1 ! 4-jJ-l oUt£Jl irLiJ 


2S + 30 2 ->250, 

50 3 +// 2 0->tf 2 50 4 

T“\ l j^ <UyJl Jl lJ^-jj,-hJSkJL 4iL^i o\ oL-JjJlS1 ^3aj diji 

iU^JU ftjli-^-jJj Vj^J i^h 4 OjjJiJl _/._F 1 ^ Jr W * 1 '^" 1 -^ 

’l/?J 

HjSQ 4 <»,A ? f) 

‘i—iLjJeL’ jl </Ji^aII (3 >j-i'w» ■j;-'* ; Jd><U^ ijL ».d «*ii Oj 

1 Jj j ‘i^ 4jL^| Jyp* t^}L ; ^ 1 4^ * ; C^l tl*4 J t^lA/J L» *> 

* 

i^LujVi ^JLfir *jA-J ljlai j* I JiJS"c_^jji *i Jl^ j5Liuo 



»Ui ^ a^ui jTuJLi Sjbi 


Yfo 

^ jjl ^ <JU1 oV-Lxil ^ «aL>i J * r lai^-Vl ju* 

+^ j j* ^ ^ ^ jjijS" 

A/i?50 4 + CtjCOjj —> C^tSO^ + i/jO + C0 2 

■ 

H 2 SO, + 2CaCO i -> CaSO< + H. 1 0 + Ca(HC0 i ) i 

L+-* j oUjJaAj ^LiJl J-wLiiiU 

oL^f ^aUv^J 1 ! v-h^: Jwl&.ji I'j-'JS *-Joa* (_fi>£-* 

C^C0 3 ) 1+ ]^: -+] Cff +2NaCQ, 

iJLJl a v ,ft 1L Ji^LiJU CaSOj ^ Jjj-j-aJI k^l* l 

ff2$o 4 +]Z ->]" +^ 2 jo 4 

x?'*^ okjjT (6,A, i) 

: iJbJl oVjUH >- .> ■ iiwffj tj-*^. 

A! 2 (S0 4 ) j + 6tf 2 0 -> /tf 2 (0/O s +3// 2 50 4 

W 2 50 <+ ]^ -»]"+W aj S0 4 

[ imp Stone (®,A,6) 

■ vj^' t* ps-Jt&i ^jij; j*uca> 

+CaCO, -> NaCO,+] Ca 

f a + H 2 Q —> NaOH J r] Ca 


CaCO,+] H H ->] c " +C0 2 +H 2 0 





j-£jj r*jH^-JlSJl ^Jr^dJ jjpisjC | j s ^ t L*j- 1 . Jpw L yJ1 oLJ:i 

.'jjft * -*-j . <LlLai sJL* jj)JxJ Ji CaCO^ jjLl j* 

^-* 0 ^ .LgJ jIjj jj-JflljSl ■■^ "ml 

4 4jJ-j.,rt Si »,rt T, ■■'j ^ j$j J ^Jl J«1l^l\ ^jpt- oULi ( 01T ijj JbLl) 

~~ * 

f- 1 ^. .5 jj_j_aJI ( j-^>ljVl £^>L^J ^ Uloiw-l j^SVl j-» 

. rt - ' i-fV tJL ~4 ~\ j-Jjwj <uj^<a_H ^ CaCO.j Jjsj-j ^ 

J] 4 M/Jl Jl J* ^ £* 'IjVl 

a ] . oj ‘ ^JUaJ J~L ^L-*' ^t-A HnSOj. ^J3 j5\l] JCau^tzAJ 

^1_l^=—.1 l j^Tj lj- 5 ^ fji ^ * J) J-^ ^*b ^ '-^ 

^jjL fr L* Jl j! 4,*ji]l Jj kJ-ljilJ 

# J 

'iJ^- ^fL*i j. Iajj a Lf HCOj J*?jJ 

^Xs. i^jLi-1 J ^I Jjjw j: 

^U*jJj!i jll (oL^U^-Vi) oL^+SJ^ji 
{ fl ? T) Jj^i-1 j CaSO^ZH^O olj^ 15^*5" 

. i j^ 7 i r \ j^ Ut i^Jl UUai oUf jk^ 

. iL prJr | i ,j^ ^ i ^ 1 ‘«is«i | i C/\S X k ^y* ju^ .( ^,t) 




^Sl iiUhll ^UJff^l 1 


(CaS0 4 .2H- ! O) l/ -Jrl 

'l 7 b b 

HiSOO dut^ Jar- 

•,«»v 

(S> ^^3l 


(FeSO,.7H20) 


(ALjSO^ISHjO) fj^Vl oli^T 














»Ui a»-> ^ a^ui jTuJLi Sjbi 


vrv 


Gypsum Requirement c*Liki» >—<L«*- ZJtS (d,A,^) 


!i u t AjJ^j ■|i J l ^ i fl ;**~ ^ ■ ■ ■ ■ ^> J ^.h'.w. 1 * jj 'ill t m ■ ^J- ■" * ■ ■ '■ 

JuLt- wUJlJji *Ull J ijL^JLS! 4 .,rt <jJjU | j- w ^_i-1 ,j_*j <rJ2_4?«lL *1 

■H 

^ ■ ■ 1 j d J% ■ J 1 1 ^ 1 J ' j ■ ^ *■ ' I jj ^ ■ J ** J ■ •~ ! ' £■ ■_*, *1 ^ L ! 1 • •" ^ ^ ^ ^ 1 ■ • r * j 

jli 'rtA-yi^-A sA^J ^^Jjj.JL^J'i Juw-i?j|JJI ijj hJLw-j .ESP 

* * 

■ ijJ? 1 Lj 1 J ^ ^ l,rt ' l ^ ^ 1 ^I'JulP 

^'i_SL*JijLii o\ jj uL> aLjJp y 

I (James cl aL t l9&2) J^= £* <jr* 

, lgjLdj£ i ^ ESP i M-i — ^ 

ESP = (NaX/CEC)X 100 

j\ijjLl ^ \ * 1 JhSJ ^ ,>A& = NaX 

ijl Na ^ l^l>1 iljj ,^j1 *$+$ i-jU^ ”T 

>Na Ca 


.** WY = CaS0,.2H 2 0 = ur J-l 

Ca Y * * * ■+- - wt 

C^iKUL. ^ S 

\VY/X«** = Ca^l£UJU \ 

* * 

? a_j ^ o j b £ i i ^ j Ojj ^ ^ .v l -1* 

0* * = i )(l ^ , i , " : ijill ^^.-l 

<jjJ X O * *' ' = C^jj^UaJI iitSJO ^ ® 1 ' ^ = 5jjJ\ <JJl> 


* * 

hji |*^YYo»* • ♦ 


* > * A*\ .. 

iT^ (*^ ? 





YTA 


jlsSLi/j^S'Viro - 


= ^—I- ^ £ J*AJ jll^A / j^- jJL^l’b k^-jj si til I ^—rLl 
Vy Y Y * * * * • x H-p?- * ? 1 A1 


■j 

I meg (gypsum) _ 86 *10' g 


100 g Soil 

I meq (gypsum) 


meq 

86 xlQ~ 3 g 


U* r~ 1 * * 


* 10 4 x 2,24 = 1926 kg/acre 


100 g Soil 


meq 


x 10 4 *2 = 720 lb/ acre 


2.24 x 10* kg = j 5yJl <>* (*- 1 4 

2x10*16 = j£/jM J 

: <JkJl oJjiil l-> j^aiL ^*— V * tlU3 C&J 


3870= kg of gypsum/ ha. 
3440= lb of gypsum / acre 
3440 = lb = 1.72 ton/ acre. 


k -* 'A.^' ^ ^ ^ jY) 1 J 


.iijdu fjia j*eJl (V m rf J-fl y Aih SjjlM 1 OL*T ,( 0 ,T ) J 


jS/ 

J m«tf 

^ * » z^&jlu 

lijlkl! ^IvT 

r- 

J-,*' s aldrtl 
f jSj£i & % 

V s V 

ijjibLt OLJpS 1 ! 

N^SO, 

'l 


i,v 

M 

T 

T<AA 

r,t 

M 

r 

t<AY 

M 

t,r 

i 

'wvn 

i,* 

<J,V 

* 

Af V 

A,1 

v,i 


i .<\t 

' ■ >Y 

A,1 

V 

'iTcoA 


\ < H 

a 

1 ilOt 

' Y ,V 

1 >,V 
















»Ui ^ a^ui jTuJLi Sjbi 


Yn 


: » L*J ViujrJUjL ^ -**■ «u J 4*-L^ 

V Y 0 x oUf-U^-^ Ol ; Ua > .< - JySxJD jJJslLI ^JU 4y*£ 

(James eta!., 1982) ;il±«f 


0 ) 


=cec i—*s c—) r ji 4 ’- r * =esp Vj—* 

0 J*»J L^Jjall ■Jl'l ‘ ~ iij! ^ * ' /^IXa-I^Y * 

Na x 


ESP= 


CEC 


x 100 


~ ( Y * * / \ A) x ijjl \ * •} ^il5v*JX» T * - y££ 

1 ' 1 / ' £ .< J J.g T j *1 = 

: U l^ai* L^yMl ESP i*J - > 

ya-\Y- r* 

Na x 


ESP= 


CEC 


x 100 


jUW^V vr,vrY = r,v x t,av* = ^-r* 

jbSU/^ Y* } A* = <T*/£o)xV ; 'i> xV,AV* = ^ id j«jJ v ^lUl tr JU 


n,« = Y*,A* X ),Yo = JJU-1 Jl «JUll 

(Y) Jt* 

OjJ i "y- \ * * /^LSUJJL o ^JLc- «jj i «_*x 4_>jj jl ^_s'. 

0 ~J : \ *^s v _*»i a < y ( w^\♦ • /<yix, i ♦ ^jLj ou j-^ij l$>u\ 

S X \ * J1 ESP Ja^c!> 
(ESP) LbUJJ JjUJI *j}>j^ii] w 

ESP = (5/10) x 100 = 50% 

/ t 1 “ ) • — 0 ♦ = Lflltjt j'l l - -ijllall ijj'uli.1 »ji ij-gil £-_-'. 





Yi ♦ 

ijl ^ ' */^»K-JLL £ s (\**/£0*t* = 4iil3J ^Uall ^ ni 131 

jbSU/^ \ atA* = ixTAV* 11^1 

(f) Ju* 

S /• 1 o J1 JJlxll oULJI j ESP i^jJUaU ^.■. •^ ■1 K yti ^jb L« 

pH = 7.3 ESP = 29 

ECc = 4 4 CEC = 14.83 Excha Na = 4 26/1 OOg Soil 
SAR * 18.9 gypsum = ??? 

ESP = (NaX/CEC) * 100 
15 = (NaX/14.83) x 100 
.\NaX= 2.22 meq/lGOg Soil 

NaX = 4.26-2.22 = 2.04 meq/lOOg Soil 
GR - 3.85 x Na X x 3.85 x 2.04 = 7.854 mton/ha.30cm 
Field application = 1.25 x GR 
= 1.25 x 7.854 
= 9,82 mton/ha.30cm 

(t) 

I J)~ A ** I 1 J • 

j ESP 1 * '/t 1 = CEC j kfji 1 <J^Lx* ^yjiyp 

L^ui jI jii^~Uj| ijLiJ.dy oir \>y i p\ 
ESP = (NaX/CEC) * 100 = (16/40)100 = 40% 

' ^,4-i.tf - j\jil i~*5 

10=(NaX/400)l 00 
NaX = 4 meq /1 OOgm Soil 



»Ui ^ a^ui jTuJLi Sjbi 


vn 


* '/{/\£*\V=i -U = l^Lu-l jijli .*. 
j^jU 5U Yr,YY= \y x .-. 

( 0 ) 


JJL*- j ^jJJ EC w * 0.15dS/m lL—*- *_>■jlil 

lj I ^ '■ ^ ‘Ljl | ■ Ur i i » f 1 UJ• 

*L* Jj jn OLiU> o\ Jji Jjii . < JJ»S-1 ^^T -' II (3jj ^*£ljJ jjl iyu l yyj lj 

jLS; L« jLx£a fl i^L-wO .tfLgLl ^*£ 17 WJJ 4_J^*51 JjL*^ SjUjJ 

SjLjj i_jj IWU^ ♦ ojU <». J ^UAl ( jo_ '^ -1 0L£^ Gl -l£j-^ *C* ^*—L« ^ * 

S OI '' II JlKWp^ I ,'yj ^hJ l ^ jp^A^ L L* Y ^fcytj I ' frL* | * ^^M«J _<j • 

J* 


EC W = 0.15 dS/m 
Area = 5 ha. 

Gypsum = 70% 

Total volume of water - 5 ha. x 100 mm = 500 ha-mm = 5000 m 3 
500 ha-mm = 500x10,000 m 2 ha/hax 1/100 m 
1 meq\L Ca = 86kg of 100% Gypsum 
1 meqVL Ca = 86 mg gypsum 
mg 1000x1000 


86 - 


1000x1000 Lm 3 

CaS0 4 .2H 2 0=172 mg/2 = 86 mg 


= 86Jtg/lOOOw J 


S*Hl ^ >0' * * j Lr* J^S ^ o* ^ 

1. 1 meq/ L (Ca) = 86 kg (100% gypsum)/l 000 m 3 

2. For 1 meq/ L Ca in 5000 m 3 = 5x86 = 430 kg of 100% gypsum 



«>»• y £ Y 

3. For 2 meq/L Ca in 5000 m 3 = 430 kg x 2 = 860 kg of 100% G. 

4, Since the gypsum is only 70% pure. The amount of gypsum 

needed = (860x 100)/70=1230 kg 

aL» jl (0, 

SAR< — 1 , » oL»i »L-n-» n* —i> j <\,U) JjJLJU ^ V> jj 

'OyJl 3 d 3 o» jOT J jjj L -wi^ 

J_. Jjf 3 Jjt SAR 4—Jj tEC w - 0.2 dS/m ^ Jjt 

cuL-jji J n'rt flj J—J- jj; JLjS kv>cj JL_fc* ij'LJ rtit-J 1 nrt ^ 4 ■ .r / jj j ■ U * \ j Y 

SAR jpOAt *LLU jjJJL 1 ! 
| w.■.%■-.■.j Ns SAR. 

51 ^Jjrt ^ 4 L 4 JJ a ^J_£^J.SAR <L_tal** 

!LJ lJ 1 . AJj'ljl 1 ! l jJ-t^uL* L- 

jjS'jJ + (A) j Jtl=M X (A) JjSl jJUaU jgSji *Ul jjS'j? 

(0, V ) + .*...(B) j Mii w X (B) ^Uil jJUall 

(Ayers and Westcot, 1985) 
.SAR i*J JJud *111 JJ>- 
'ijJj 4-jlil lu L 0 ^J *j^*i**J ebj 

UJ jjt U Xy 6 J Xvo 11 h*,i Slj j j 4^fr■ jji o k ' 4.4 i Lla} l *Lo Jali£ kij^ 

, JtjJUJtl *ULS SAR 




nr 


»VA' iU jL> jt> *rts5l lp\ 


:(c*U«ll> *Ul J-U 



EC. 

m 

Mg. 

(mcq/IO 

Na 

(meq/L) 

HCOj 

(meq/L) 

SAK 

SLUl *U 

%,<T 

i,n 

> r ot 

*>iA 

M 


yM^ 

r,v 


*,• 

TT,* 

1,0 

'A,* 


Jo till j£J> ols iij'mi'i {* 1.L ~> w... 'o 

Ca = (1.4lx 0.75)+(2.52x0.25)= 1.69 meq/L blend 
Mg = (0.54x0.75) + (4.0x0.25) = 1.41 meq/L 
Na = (048x0.75) + (32x0.25) = 8.36 meq/L 
HCOj = (1.8x0.75) + (4.5x0.25) = 2.48 meq/L 
EC* = (0.23x0,75) + (3,6x0,25) = 1.07 meq/L 

SAR= . 836 =6.7 

JL69 + 1.41 

JjjsJi (d t 1 *) 

yijJ- 1 ! 

iJJJLS jj Ua^l <J1 SjUjJJ 

w'^UJi j Jljlt A0U?) (G ? 1 >) 

££*+*£ .^U- *->oUUJ^ Lli>j -1&L—-J; 

* 

pi aLaJ ^ 1_j^ L-J > ■.■■ ! ■!■ 1 J i^r 1 ■£■ Lkl 







Y£t 

J**-' J ^ *J b ! 

: I4I* ^ JbJjJi J-viJj 

.sjb^yijJajiU-r 

^ ^ tfjl' JS** “ * 

^s*^ 1 JS r LX*(fl | j T) 

TflsLdty Problems 

Jjirj t ^4wJ*i 4 AOv* k^ibj^ 

v>t*J I Ws /S L ^ I ML^ JL^ 1 *U4rtw'l ^Jk^A^™ ■ J n #■ Lk I ^Jhi 1 

4-j-jj . >l^LjJ l J J i k^™*J Uf 4-JLtt J bL£- i^j LxJ i Jj Sjjt (Jt j 

j j. . ^wH j^Sj? ,? taUl * J ^^UJ! 4 jr jl ' Jj-^' 

jA 4) jl -JLi j\ j^Vl *Jlft 4*Uj oLJU j oULJi i^L-^ 

jj-1 Jl J_j .rf ■£ /i_j ^^UjJI .jii i> <hw4^vJ oUIjJI Ar«-iiL^_?“ Ji_^-j.i 
^ L*5 ^jJJ L$-*Uiw-il JJjr j«^c?bjJl jAAJ j-aL*-- ^ -Hi ijJJj £-*j< 

^iu Uj^j ^jpJl V jw-3j.j {*—id JjSf' j 01 U) Jj-li-1 j £*>>* 

n ^LwQwmJJ -P r 'J. ^ .k l *—rJ U ‘'m . wL^ 1 ^ 

tjj| ,rt j ^jifT ■ C ol Ll i c-Lt I J , -J | -^ o| 

5^-jj ^Lijl lJLfcj -bM* ^jJLj ^CjJl oLJi jt’ijj.i 

jjj Jju^ 3 j^L —j ij'ijjVi ^L&j*aI oj 



»Ui ^ a^ui jTuJLi Sjbi 


Yio 

U 4^<bU) I £ jA V° Li a J i U5 ( ^-A-^-lj ^ j > 7 jI ^jhajI J>> ^Lubl ^^LjJ^' 

* 

Jj^>- ^1 iJL* \S.y^~ ^ tjljJl *1?* OU ik ^-1 /jSJj 

(ci)^j^i (O*,^ 

^ ■ -■i'^ ~ 1 P£,3 ^ 

j 1 j jiijM O^l^- i \* ^Ud>1 Jj JJjjhiJj. j ijij^l J jJ^ ol*Ji 
4 -M-pO I^ij^ JlJ“l jj-P *3\ j ^ j-^JLaJ 1 p-^'ljpJ <~W OilJ lil -L^ LjPJ 1 ! 

j «<>U kilii-1 j' Ji* (3 'jl/^ U *^ ^^rJ' 

^i^ai jJUxii ^i>V* Ji jj^ ibjVi ^i>t 

L^ljijl j^-'i aZj oLJ\ <. ~* fc.».. « I J 4y ^j Jbj^ l£ Jl ^.r>‘c- uS'l^JJ 

,;jU J-UiJlJ 

j j^>,jj* L* L< “ . « . ; Jj^a CjU *■ Jtlil j 

0> 1£J1 JL>-V oLJi SjjJ J} ij'wM?VU Jf™JJ1 -LJL^ r L*_j aLlI <jP jJj 

,j£Ji_* ( & 1 1 ) iJ_ n fwLi-1 . 4 j-L kS* Owi^Ji J,^KJQ oLlS 1 ! iJjj-a 

.^al^tLuAl JL^Jl ►!■* ji *1* 0^ iJi*J Jh*^ 


[Ayers and Westcat h 10S5) . jjJ^ 1 J *—'UUJl -C 10 ) J>^"' 


jfji A( A' *^-' 

sfj )i t' » j jj i^ll 

(,j&t(J&* gA») 

j/jsS ^j il ^V' *J-I 

jji — i — Ski* j* J 

J 


v,® 

Ji^jll 


T«,. 

d^ 1 

sr t . 

Y-r 

u_^pJ! 

^v t . 

'f®,- 

^>*51 

M 

1 S' 


*r' 

V,® 

ijji^ 















j if j y «v 


rn 

(Na> (MM) 

■_j ^ ^ V ■* J *0 J 0 i I' M 11 Ijj IL-J^lLjti.] ^j|| |*jj ti J |fta^ ^ j i|fl ' 

^ ^)1 j*jV J JI ^Sj^J -0 \ ^ ^ ^At^ 1 

j_^| l^Jjjl 1 Jjj i ^ ^ ih< .wj^ 1 ^ 0| r ^ fl SAR ^.■■■i'i*. L 

i j f tfli^C'Vi J ^IflJ L^^J 1 ! JljJ^Jl ( j-w^AJ ■ fl J n^lj AJj^J*l N_jljJs1 ^^1^ AL** 

Ji fji^j-^ 51 V—) W 1 ^ ji J* t^-Vl vJjkJl j 

J-<1-^1 Jsr^^l ^yj ‘((i'jj^ 1 J pjJj-Ji y' 1 

.Uj^UJlj ylfTyVl — o Ly a A . ^ -i — 3j^odi *£l jAU ^jjij~/*}\ 

j>~ i/l? i i ■ *1 j I II ^ ■ i ■ 1 * 11 ^ C^fl, bv^ 1 Lj J jp-^j] ■iJ'l ^1 ^ .**1 ^ ^ 

oUl-ih J^aju (jfJU> ( fl T°) JjJuM ^WhJpj^ <jL^L i^jilSl kJjSj\ 


(Ayer* hiuJ Wralcul, 1985) .fj^Jj^ j*ii£ .(S,* ) J>J^' 




J*j>*dl 1 ±m*j£a 

Jj .- 1 Ljj--’- 



Jjtf'jil 


u^ 1 

iijacLl aTi>5I 

_ iF a*jJh 


W'j^UJI 


yjJi 

jW' 

b_j^ ^ iiJ> 

V UJI 

ijJtfl 





A>» 

J LajjJl 



t>' 


^L-Jl 

^J^JI 

























YiV 


»Ui ^ a^ui jTuJLi ip\ 


(B) ^i(0,YT,r> 

* 

dLsa-ljyt i^_J- oljUJi ^*jJ I-Ip- |*^j ^dJ 1 ! ^-JSju 

* f * 

t>> l«i-k' Kpw** I ^t—t' - ft lj'lj 

Lm l? ; jhJl *L* j 0jj-j^Ji j-fl jJ /^l jaJLL* *, T j\JJk£ k^S Cj) ' 

ijtiJ^-jS" lj! V 3 j Lt 4jjnJiwJ l i j Ll . 4^Lwv u-j-SnJ jxJ / ^*1jjvJLLa Y , \ 

j-* ***> j-*V ijM i/- 51 ur* V.*4-' j' L*~J OjjjJ' 

* 

I^^ 1 ! *1—* 1—aJIj- UjJ_^AJ ■Uahh^-JI ^ISI. ■ ■• ^OjJ^^J 1 ! 

^-jii! Ji* lx%Jj ^Xfl LjJ t ,/j^ 

.dUi 

4> 

>»WiV^ ^jii * OjtJ_^JI l j-* ^■ ’tf -U]' 4 _ « 11 . — !l 

ljsIj— jJU JLJ^ oL-i^^ ji £-lJ j-'iji— h^I *JU* 

j-J^1 Ljtj^jf’ ,J-v^-d Uju*- oLJl 3bi^ JUa_^ j ^j>lj_t-V^ sJLjt j g^j 

^ o jj_j— 31 l^-J o i- :LJ i J __£ ..j m I / ^ 1 *—Y o * 

,jfjJU£3lj. ^-L-iill dUijj C:-^ 3-1 J-£* i^j?i»J-1 oU*31 

t -r“^ J —^ ^JlP- j- 3 jjj— 31 *trd ^ ^JJLJ—J—^j^ ^J4^—; 

. a jjt Jw4?“ j aLklj ^J^A^- 

*■ fl 3£- ^Jj i^T^wdi ^jirt ii I (jAfr S-^^il lj^J^ ( QjJ jJjUI jj 

.(Maas, 1984) ^ 



iS>j «_>*- 


T i A 

(MamJSW) j//3 (J, n ) J^ 


1 Jf* jl.n-J 

ia-T) 

t^/g 1 * 

f) jl«w 

T," 

J*»* 

*ht> 

oJ/ef* 

<y -L..J- 1 

OJ/gUT 

-^V*> 

— *■ 4«-Um> 

Orf/gU'-V* 

l^t 

j*> 

'<**• 


,0-ukJi 


>J» 

CJ» 





’kr'.A' 1 

jOH 

ijJh^-1 UrliarJ 1 ! 




c^-y- 11 

u^ 1 * 

jaa 


fcj^ 




iijjJ 1 - 

^U.JI 

jsniJl 





^Ij-jjl. 

jLS-l 

l 1 1 







iJj^l 

■wikil 






U^Ull 




3L*-Ji jruLi Sjbi(o^T> 

Management of Tuxicit y Problems 

^jJli sL*i ^Uah^JI ( JS'L^wb ,aJl 4LL^3p p-* 1 Jj-* 

^suju ijL^A OLi 4-—^U,1 *LJl 1 jfij-J ^JLf- iJW J!.j ^-Ji ^ i^Ll 1 ! 

C t '^—V* ^ J i j Li*" I . ■—4yl T j^ T j^^'1 I 

M 4 *; 1 - # Lr Cr* Js^ J^-S jjKJIj fje-^^h OjjhjJ' <r*— <->1 

^o ^jJLLU *Ul iiSLiJl U J4* J-.-jJI 

jLJl <JljV vjJLkll J^iJl *Lrf U*£ ojIJ lijj i*jS] J^u; Jijll ^*u)t d*ycJ~\ 

^-w "l J J jJ ^ Ly£ jj ■|I J 1 F ^ lJ ^ Li ^LjJ| ^LvU ^v4wwM 

*L^h^J Jh^ 1 ^1 ^ Jl Ji j-3^jJI Vj ^wL^ii«l , i aL^JJ k^jJL^J 












iU jL> Jf> jTuJLi Sjbl 




Sjlil j j -jcjl \ ■ '■* ^ 1 JJ Jj ■■" *• Jn .a* H slab* JiUjj . jw^I LjJ\ viilj 

ik*J (®,M) 


Na' = 20 meq/L 
Ca" = 9 meq/L 
Mg rt = 5 meq/L 


: JJ\ *U J JJ- M lij: V 

HCO'j = 6 meq/L 
CO"j = 0 meq/L 
(PKj-PK,) = 2.18 


-pE ( -\ 

^ sill ^y IvL* Jj»j SAR a0 j — Y 
.SARjjj j SAR *-i l* “IT 

J^Lai **-a]\ L-.J A^aj L>*L£- A L j^>utl^-1 ^y Lxj ij *ji]'i J j . rt* ♦ Y ^ 
.ESP <kjJ*U j SAR <*J ^ Li jt Y • J} ESP i^jJl j 

S-3Txh ^jUII :T<y 

6C0 2 + 6H 2 0 ► 

2H 2 S + Oi -► 

2N0 2 + 0 2 ► 


CT’>(0*> 

ju j *Jl jil :*s[jt 











+ LM^kU tO-^ *_5:j jjJrLdf {J £ J stmw ^tdf j 

m 'U }J^U J—l^*j ^ ^ J■ ' _^J lj ^ * S V .* r 4>4»^ , ^J F - k 


1 ^ .^£j1j-Jl J^-a^ jjft—*1 J l_J*d_J« nJUi 

-4JUJlJI 4juU . 
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dUjI 4A 


ij ^ fjs (V) 

j-Jiij 5i UL1 j^Ip LI l Jj \ ^-Li’i-U \ i— i*j jl 'i -L^-1 jjjil «L-4 j_ijJ 

* * 

dLlj JbJji^ ^Lalt *Ul *JLA iufrJJ jJLaj UJJjJ .ifi-lrM 

kl-jL? l>i Le^i l^ji tjJ\ fl-L* JJ 

^jv+J OIjU^U 4w--W jl jl 4--^All V 

iJ'L^Jll J i^Jl J^pl j£- | j^i£- lilL^ olIjJ (_fjjl *U* C>1 OJjaI 1 ! 

JU^ju 1-1*j ,jA*Jl j iJvM* O 1 !i^tJl *Jlh ,jkAf .iv^Ul CjITLJI JL^j 

* i \ * Lh® 4jv4^ J 

J! iS}*£ J l>^ ij^_p" J j^j? (*J OUu^jjJ 1 , j** 

jjIjJh-Ii ^ j_c^L #LlJ ^ 1 ■ ■■ _j^ j^ 1 

JUJjJIi LJJi Jjj-1 ^ j t ijUU -wi j ijUU ji?Lll j Ltf J^A>- U^L-f ULkrf 

r Sj^JU i±^&- jL* ‘■-j. y - vi' j ^Jfcl j cjU^IjJU^ ^ 

j iilJUl ^^taVl ^ Iftlj^ 4 ™jJIj i_^ ^Jl *L& 3 j-_^>- ^..^■■aT a JL* 

,oLJU Lwj w™J jjliv l^J 





^u*-t (%,^,^) 

jJ>- dlriJ* L! -*> LjyJ ■ *£Ul 1 d ui'l ^ J'H * ijj 

\J^ j**4J ^b^}\ ^ oL*^ ,^JLfr i£y& 

( Ojjiil tJ ( jrJ / ,j*-^JU ) *■ LI I J <JSS\ lUj ij'ljj'l 

(EC) ja^IL IfJ jajjj o i*-jJ ^Lfcii j£J*i j\ ppm) 

■f / j' f— ^ 

^ ♦►di j ^ 2 I 4^*^ jj ^aa *LJt! ^jv^-V 1 ! j^Lai^l /jAj 

* 

fi-^A A3 W^S? lj n %Jfcrt^- L-J j^V^ ^ ^ J ^jJ^jlpJ^ 4 ■ ■ W^ 1 

aJLp Ijilto- -LtJ idL. ji •j-rf'ljSh »-LA J*£ ^jjJj^l)!. j*aie- ^ £JUj» 

J\ i>j>i 4. U . « -.-Ai o ^ .lL. ytU .o^jjUl jij oLlVl i5l*[ JJ •& ^ 

• I \ 4-w-i _jA i ^^ ^ ^ 1 — J V ^Lw^ 1 V^ 

ft,').Soluble Sodium Percentage ( SSP) 


Ca^ + Mg^+Na* +K* 

(W).... Exchangeable Sodium Percentage (ESP) 

_ 100(1 -0.0126 + 0.01475 xSA R ) 
1 + (I - 0 0126 + 0 01475 x5 ^R ) 


(IT).Sodium Adsorption Ratio (SAR) = 


' Ca+ Mg 


(\ 0< • > <.. Adjusted Na Adsorption Ratio ( adj, SAR ) — SAR 

{1 +( 8,4—pH c )} 




o(*!j f* pafi 


Y Ot 

(\ »).pH c = ( PK 2 - PK*) + P {Ca + Mg) + P (HC0 3 +CO 3 ) 

{ -uij ,ji} ii ^-U iiLJi oV^Ui j 

■ O J. I i k—^ J jOL ^ j^krJ ^ 

h^h^> (\ } \ y t) 

JfrljjlJ oxkiJLt Lj^ji i£Ut Lj JU411 *ui j 

4 j^iL T djJj ^JLc- c^L -j lj jJ \ j+f- j! 5iLj*^[L Jjjii] jJli£ ij***' ^.}^i 

i ^JfrljV^ ^ilk j *Lll j '■iAIj 5 j4>V 

^iiJjJi£j t^JaJI jy* *OutJj^ ijjJ ul lLJJj .jSJj 

Jju4j j.-* 4**J iJL-'l J J dj ij £ Lj'j^ 

I ^4 »a* LaJI^ *—- rl -^^^ ■■“■■■ ^ L ^jk* 1 ^ fl,-,-,., - ,,J L j*j£j' 

-uuiJjfll <jiUuJ'i wj'ij <JL«jJ1 i^J* 1 l)Is h- lilSj r^a ^JLtj i ^LJi JuvajoJ'i j 

# 

JLwL 1 ^ 1 , ,1?^ k-Jjph^tli L™J *OutIj^ <3-J(i* oii filrwH j|5Lc <GU 

.Ijxff'jj J-jJ OJJ^ j 

tjjJ 1 ' £> (V^T) 

1*5 i ifrlj ^JLs^JJ ^J J j O’ULJl 

ijL^f \ y&e * IfaJu otLJl j^* L^i **-*"•& j-* 'l+L«£ j 

<^LU oULJ'l 4 ^-jj lLUJ 5 . j^s V Lj ^yil J^J 
^£' ol^pLil ^ m j 

^h^aw^A ^ - ■ ■ ■ !■■■ I lAjkA,*_J Jl 1 _)^S ^S-r^ 'kr*r^? fcr 

jjtxj 1 ijli jJJJJ jf>-lxi1 j^]\ Jy^~ ^-jili a/lSJj oLJV^ 



* 1 + 1 ^ J fW’ M j*- 


T ot 

^-LLjaJi Ul a1j-1 j* J^Upt ol-jVi SjJ« J^U-> 

14 . 4 ^ . . - U^ ^Jaj >*■ jS\ La^U 

L ^e- A^-jiil jSb CU>-^$1 JUt]J,JIfcj1 *\^ja \Sj ^*^1 _>Xjl 

J-^iiL (Maas and llofTman, 1977 ) Jj^i^l j ^Usi-V 1 <~-Jj 

.dJWI 

(0 >\ > t ) 

Xe- jLic-'i/l L*Ai-l i_H *£ ‘ '-'l 

W 

,3 i _ r a>-V^j I4J ,^J1 *LJL1 13jJU *UJi 

l >1 ^jijaII u^J -^4 A k^a^dil 3 jU J ki*p- t 4 j^jl !1 *£L*H 

<J*- [ Jl £?>J <0^ *>* >v Ji <J J .r »_>b^ ^j J 

*Gll **%*£*J iJl i!l ^VuVb> 

* 

ijl#LJll i; j^*-? iJ *U*%? l*JL A-iUt 

ifl JLatLvJll l£ jJl iijl? {*1, \ f G) 

ffL^ 45 >JL*l!i ^Jsb,- |^ U * j J 3 bAjL*Jl Aj^jLI k-J^jJail 3 

SJLjLi ^ jf^aj iJ jiJh*J Jj-ji-lll J n ■ ■■ ^L* 

^J-\jl^Jl ji 1 *1 ^ Ji*m&^ ^VV^ r l V^J^ 

A 

j^J wi^axdl (J ^y> V-Ju i_i1jp- ^ ^Lia^ Ji* 

■ i^jJI s?wj ^ - -J »l * lei\* J 

i£ji i 1\ ^U1 4^+£" ^j J * Jjl^i tgJU ^jjIj i^J 1 ! l*! 

^ja ^i >jA J^Sy oG iijidl ^-1* ol ^/1 i l*US ^ijj 



aL^I j*- 


Yoo 

^ O 1 !Ijjf ^Ja*J L? it fiJL* 

4^-jJ f'lij<>trW 

p"L%^ p *Ltj jb ‘L^ 1 ^ ¥ i> LaST? ijf * 1 ^ j i * i ^ *v _? 

J-*^ J ^A-l pjljss- ^IjjjV H^SJiall ^3 iL^JaJl pJufc JUt-ji 

i LjLc- ! Jl5 JJ ^.ia > ~i ^£j Jjk^'j! oliallll obi3 J 1 ! jS till iw^ -aj L5 h ,frH 

<>^J 1 *U 1 "^v oULJl ijj^’ 

pb* ^ ^ ■-%h-AJ i -.~ J? ,_fJl IamuJ*] Lj i^/ J■".■■■ ■■ ■ O'! ^ ^ J T 1 ^_J^ ii ^A r l 

^PU W— I ^ A^ JrJ Jyl ^WM^lj ' Wjr- J L^.^'.'.^itj I 1^)1^ g ■ ■■! J h ^jj*' 

4a^>jl1 <U) jS-iiL; fdfli LJ V |Jj iX^tVi I*4_,jJI 

-LkJ <p oVjUII j JjVl Jj.vail^ 
* 

(Ayers and We&teot* 19fi5) ^jJI sLn ***jJ Ub- 

•U2,l JjVl J-Aill ^ 4 JI jLillJ ( V U Jj-bU) 

j*-J‘ S*ij*l 1 s£L 1 ! J (^jJi «V* |*»S? (1 ,T) 

Jjljll j i £ibLl *_Zi LjliJjJijl JhW* ^jJjjwJI ijjyJl <£l*ll ^mJ 

^ 4™J> Lf it <k-&J r jh^Xi $Li 1 l^Jlt J**£^ ^iJ 1 ! 4^11 1 

LuUJaJI L§p jJa^l j J ^aJU^- 4-^1 JLJ 1 

jJ\ pL* ^ iiSJL- JU jl UJ±\ *L*U JJVJl J 1 jx-^l -lij 

aUklj oLfA- 1 ! cJji'i klDJU .aSJuIU Lt'ijjil ,j jJ 

3 j,\ jsC w ^'^}\ ^ JkA- 1 ! j aLll jJub ^ U | _ J ifr iiailil J^-t ^ i*JL> 

^ *■ 1 ^gjJI 4u£li1 h-^i . 'I iJu ^j. 4 JjJLJ lI j' *■ jjF* j . ^j'l^LLw^ 1 ! 



* 1 + 1 ^ J fW’ M j*- 


Yol 

lJl^jVJj -J_A-*Ul 1 ^ L y?wajl i^J [ j-^ 3 - ^ SiLt-1 j aLll oVU^uuil 

- |_jjj ^ 1 ^^rArlfc^ 

<3 jJU *L1[ <*^Ul4 hiA^Vl j ohJjJL^ ,jia-M JJl^a A-^U- 4-i^tj 

. ’^OjSwwJ.I ■*•■ ~^" **^: -UjIa* ^ -L--^ ib_-JLtavll j jJ^ 4*Sj_*I I l£jJ'i J l ^m ■ ■ ■ i l \ 

Jji*! jL?U* Jn w 1 j fiLrf 4*e^j lt>L<jJLaII 

<9^li O^j^l i-MJ^jJ >* H ^vJLt 5il>1 ^pj oL-jlj-U ^LUl J] ijO^U 1 ! 

j -^SULoJh' ji o^c j J> 1 

& 

^ 1jGL~.jP* JJ l$^3 j A^JGd <3X^ $ 'uJL'■ jl (^\M1) u-j^p-i 

Cili^j^i ^y* a - j j ^w: j Jpjf'ljj JL& lLU jf jjC j ^a^-lil j*jjj j■ j-tJ.I 'i 

£A> ,j*^a!1 aXaj ( A, t ”1,0 i>u pH ^9 Lef (RSC) aJuJU 

* 

^£*!j)jJl J Aj fcJtf* I H.flj'h, ■*■ ^ ■/? ■ i ^A9j cL%jJ J; ^ JSj*^^l ^ 4 .*i . v J * 1 

<ikil j *JjJU *U^ LJjJ jj .(Ayers and Wcstcot.lSSS) 

JLaSalil frJUfc J a L«4 ^-Sajw <J>\ (Al-Omran, 19^7) J^j .Ja^^ 1 ! 

y 

J j . (Richaids J 1954) LSiJ i^-jll 1 ! _y JJ A** 

JL^j * j ^ y* ^ 1 ) 1av) ^wa&^y 

^* j j-be f ^ 1j ;‘ ’ 1 ^“ (Hua&ein and Sadiq T 1991) 

A=~ j SiJS {Richards, 1954) ^^Vl ^z\i Uij C 4 S^ci^ 

USU^ ^^Vl it f Jy r AA J *ui ^ ;> J J (Aiaa El-Din et aL 1993) 

J * 4 * ij* Jl3-\ eL* J 

j jJleM o^jJl j.- oLS* JU- ij?jz£- jLlf! j-- Jil^- jij a-^jijJJlI jUSf^ 
Li j±-\ dUli *«i1>1 Jj .(Ay^rs and Westcqt, 19£5) jjl ^Lo J ^y^X\ 



YoV 




i£-L* J iikfc ojjjSi (Iqbal ff £t/. 1 199'6) L*1j^4 j*: 4tfl'l 
JJU i-nujij-kJkl jLjJJ ^U^^JIi j Cj^aj u^jj-L>- oljJU*> 

^IjO (3 j .jfrJcJI 1J-* J w™M ljjS'Ju; rfJj ijJjjJ 1 ! Olj^J 4/Jj^JI J 

(^U£*dU1j UljjJl SjOj) i£JL*U ^ U^U *U1 LLU 

LJLLSl ^-^LoS?1 JplJJl 0^ (Al-Jaloud and Hussien, ] 992) \j 

(J j (r 3 =0.99) w cJt£ j (EC,dS/m) jrfl j (TDS.ppm) 

r (SAR) [■* jfcO Jj h jL ' I J ^ *U 1 

'jA—l ^5 sJL^lI i'_^* ^ ^ Vj■ 1 \ j j ^*h O i-<-' . hJiI I a■ tut'jj’ iSj^ ^ 

fl-Jj^J'i nC^SJl jjJJisi g^LpJI jJ ^-Lpt^vI'i o^jLaII jl (Mee > 19^3) JL^j £ Sjjjjl^J 1 . 

uun 

(A, i)...(Richards, 1957) IDS = 640 * EC 

j f 

O, V).(Tanji <?( al., 1980) TDS = 0.773 EC-208 

(Mee, 1983) ijJJJJj a£s 1*11 j ^«L. ^Jt!? V .iLxil *J> 

<JOJ! Aw* 5J1 j ^ a5^AjJ\ j^i°_y <blv* 

; aJUJI iS%JU 1$^- j*&j (jJ 1 *L» j 
0,A).TDS = (EC * 8 50)- 200 

(Jahangir et a!., 1*1£jjU Ukjf ^Jji\ eL* Lzy t _ ? ifc <JJU S—,1 jJ jjj 
US^H <,Si\ ^U*. j { Mee.1983 ) 4hU* j> &U» \y-j *1 1987) 

; SJjUil *JL*j <j>UJ1 

o,^). TDS= (EC x 823)- 63 





1 + 1 ^ J fW’ M j*- 


Y&A 

i-jjJ (pT 1 *tf) -fc-SULs i*Jjj Jj. 

: i jk ^ u^k/ 51 ^aUu j j(*t 

(\ \ *).TDS (ppm) = ( EC x 875.8) - 302,3 (r 2 = 0,971) 

fi T o Jjljp. Xtf. (dS/m) l_> *UU ^531 Jw>»jdl EC **->. 

.AjjUJl 1 /J/ ^bhVl/£/ TDS 

* * 

J JL* b) Jl j_u£jf ft^LJl CjL-jIjJJI bU mW * J ,■# "?,; _* 

jJUS <^|bu ^jj^sa 1/ aSUaJLI Ji ijfrljjll JjkUil j4^Ad J ^5Jl *h* <// 

■ lr 'h.".'■ V. Jl ^Wj J jlj >wwj_/ 

JLt* oldJl. (^Y * 4 JjijiilO J] 

j ^ ■ ..11 jLVl j-* j 1 !** ii/- T * * Cja> ■* 4 1 Irt-" j- |J+ jlJ *JLt 

ft*/- JS* J JJ1JU1 ?-^uSl! JjsJI /£/J1j (pH) /Sj s j h «a5ji ^bLJl d irt ■ * 

dSm 1 ) ^ybj^SU 1 ! 

lIUJLjj i ftt- ] j^ jLi fti**> jiLlj-l ^fj ftju/ Jl jljVl Ow**J 

■" + _ * 

^Lwrif ft^jljJL‘1 cJL* lj m ■■I Y £ L^/ t J i \Z f jib h *i jJit- 

JfJl^»Jl IJ dLl^ ob/ iil/i juj'i JJ Ow*_«i ftjUlS" 

.( Page ef ii/. ? 1982 ) L^ ;3JJl ot-iLiJl^ 

( CG, a 0>U j { Ca, Mg, Na, K ) *zA}jf£S\ t £%Vl jJS f 

- { pH )L> ^ (Jj ^U bUif jO (B) oj (NtFj) ol/JlJ HOXCL SO4 } 

1._I 1 -Jjl * JJ J J^vd3_Jj flj/il j ■ ■■ ■ ^1 ^riJ uU> / ^j'jj KjK-b JLfr 

^fUfiL4j1 Jjjwj ^(ESP) JjLd 1 ! Ajjij^uJU jj _/U ft-—Jli i(SRP) 
i+Jj ( SAR, adj-SAR T adj.R Nil J /« uL> J 

(P H c) f~*J *( R SC) °^JO^ 

, Jl^i] 1 ! AaAaa j. oV,JaU 








SjJiil 4 J 1 JLS 1 j-iLAj 3 L*£)l Oju iiiUIl ( 1 ,\> JSLsJI 
of W>lj j-Wj .d-UJJ Sfl^Sil c/ihUlIj ^Lj*SJl Jw?_jJ1j vj^ 1 

irJjjJ 1 ! < 4 J^iaJU ^ <AfJ jJL# 

aJjLaaU ( r^ — 0.9706 ) J**ui_* ^*5 o^l£j 

(Richards, ]954) ^ SJjWJ ( ^ = 0 969 p 0.959 )j L-ljjJl *_U J 


.j5Jj 1-^ ^j-Ux* pJtll + Jlj£}1 ^jJLt >■ (Mee t 1983) 

{r 2 = 0,971 ) J-Ui UJ Lf lfri C-ktf L|jV J U.jjtfl j l^-^lill iJjUll 

<JLJl ^AjdlJli J 4 4-iJjJl 5JL^JiJU 5 jJJlLI ^LjUlSI *ul5>J] ,*_* 

. jLVi pLflJjl J| 


TflDD- 

tm 

50(10 

•4QiMi 

arson 

im 

tm 


TDSa-0,3017*TDSh 
Rf 3 - 0.959a 
TD3a = 101««TTJ3lj 
R* = 0.9637 
T0Sa=? I.QMSxTDSb 
R z “ 0.9706 


* « * 

** k* 
^ X « 

* »w* 

A ^ * 


a# 


* TDS^EG*G40 
- TOS “(EC * 350) - 200 
kTDS a (ECx875.fi) - 302,34 


] □□□ 2QOO 30DO 40M S*W rfDIHl ?0M 

r jjJ / f lJ^L, Aftj ijJl. 4JIUI iakJl 


>£■ J) Thda Vjjli ^jUV a^ljjl i_l£b £A,*Jl j^yoy ifcUli .(v>> jSLiJi 
■jV^ 1 «V* 4 TDSb ■i'ViUil J* \y-Jt- SAU‘ M&l 


.(f'f « * r iJjjki') 








n* 

JJ A3j jtfLJI L> f■^ J " iJjJ 1 l) 1 i-w'ljjJ ^ 

. l£ jJ 1 - sL** j; <j ^- i_^J.I A-J- l oLLjJI ,« Uu 

<*Ml> J^Ir 51 o~^> iji? ffjs-^'j fjs-^ j£\J 

CjU wSU <L. J Iij (Ayers and. WuskoL, 19K5) ^J\ ^y>\jt\ j SJ^I «LLl j 

■* 

\j£ Jjlf jj^JJl JdjjISJl O^jhjI ^JL 4dLii oLt ^ 1*7*1*i j Oj^V Cj'^ 

jrf^y ^ 4 ^ ^ 11 * 0* iSj^ ^ >J ^ j£\r^ 

.(Ayers and West™* 1 9&5). (jA / ^l£UJJU A P 0 ) jJ-I ljj£ Ji! 

sjjUM iJiJJi U£i! c ^Vi i^s ex u*^i 5i%ji o,t> j^Lsj^ 

i_cLJL oLjjjVij ( ) jJLJI oSLjJj^ jJLjiaJLi 

4*1^]^ ^-^Au^Vi A++S l j^ 4**£ OjlL JJji X ) 

C>jjV ( t^ = 0.80 ) s ( r 2 = 0.87 OjJ dvj ^jl 3 ^ *jA^il 

iJJ-ta^J-S^ li-LA ijl ^JL& iJAj lJUb . Lj I ( T^ — 0 . 81 } J JLijjJjxJ^I 

y f * 

■.Ai^J^jJU 4 ^-ijJi. LjjiLuj' 1J A-Afl 

r "V ^ 

50 r 30", - 0,0006 TDS -1,0515 
3 ’ R? a 00152 



4 -W&ij tj*** jf /j VJ* £>**’ >$7 a* fl*J< .(i,t> j£jji 

,.( f y. »r cJj>li) 0 ^i *!*. 








o(*!j f* pafi 


Y 11 

*’ a ^ * Ojf v* 1 -^ 1 ^jj^' j-^ j^V f-* '<=-*%?',/ 

{Bigger and «UU j j^auJI IJLjJ i. » ..l a . l l jjJli-1 JjS )‘-XA j^ZiSj 

u&J » <J J-£1IjpM o-i* 1>jr U- JjjU-i oULI jUjiiw.1 Nielsen, 1972) 

i_$ 01 ijyJi ij jjjijJi ^ a l»j o' jiy&'ji j -U-^ o' 

y a^u i JiJLfcC- * 1 i^t) iju js i ^.y ^Jh**aj jj jj ^j i 

j OjojJ' 

yJ / ^1j^JU ('i %,A _ ji^) ^ J {NO'i) iJ'ijJI t-i-- 1 !j^Ji a***JUj 

lJ^j! oLll oL-t- y ^0* ■ J J'ljp~ 

V—^ ^ ^ 1 1 ) iS.J^ *4 £f^' "^" l| 0* je^triJ 

L>f Jw^il yaj (Ayeis arid Westcot, 1985) ifrljjflj ajJLc-V) <*ikx* JJ y ^*3U 

J l3 . . V I f* ^ . . I |J aJiJU^ |J L . .■.■.■.v. 1 ^ 

U 1 i 1 11 Aj I I I ^j- 1 Uu *Lj | •w^F LjJ l i^wJ i 1^' jjjjl ^ 1 ^j £*^jJ h 

J^Liil y 3 -*^ j-*Jl y* * ol^+S" C^ Vi t AjjJl y*~ 

^_#V' 1-A^ o\ OjjjJlI yj 4Sij)1 

yJi w?yJi ^ aJ jj 1 "* ■oyJl ^ 

. ^1*!^ A*t-ljij^^ .jJpUII ^ U ^ ji J Sj-J^id'i * 

hji' J* ifj Ji yb ("^^> 

PJ*^‘ (V^) 

^JliP ^3 *Lli oi Ji SjLiVi 

, i -4j ijl Ai>-ijJl oUjo;Vl j AjaS" J iwik^ aJIAJI A-ISJi i y 

V| i^-j -aL^ n_--‘^ ^ i.^_^ 



*1+1^ J fW’ M j*- 


nr 


tewwMJ ^ LJ b ^ lLvA |*1 JLiN—i-j(j Jjt ^._rw»Aj ( * JJ J Jk^/2J I 

3 J^Ld 1 ! ijjdl SrtJli Sjbj ( SAR ) ,_yb*Jdl y 

^ ■■■■i ■■ 1 1 iLv* ^*^ 4 r| i ^0^^*vjh J W i V ij^^J- ( ESP ) I 

■VJlJl 

&j j-laj" jf—AlJJ { SAR ) jl'i waJl ^ ^ ,■ 1 ,*_J *J^tluJ 

^JUj 4*&*Jl1j 5JIJLS1 oU^^Jl ijv aS!>UJ^ Jit jux*j L^iV £ 

SAR ^ JJtJj rir'jJl 3 lJjUlI ^jjjyaJi iLj^ 

SAR ^1 ■ *i ■. ESEj ad|R Ma j adjSAR u_-j ^3 ^ 

adjR Na jj L.1 ifU.U.V)^ C-^jiy adjSAR ^j , O r W . Y r li) 

adjSAR ^LSjl jj ad& jjiJ j X V,T 0 _ V. A )Ct^ 

edft r adjR N£L ^ SAR y J53 J^a>tdl ^Jail uL^ ^y- cJiJb 1 ™^ 

(Osier and ^jJI *L* 3LtjJ JL£ ^ ^j-LJ 1 yi*j 4*J1 jj ^dJl Jl£j; 

ibbw JUjiI^ 1 ! jl .fljlioj .Schroer, ]979; Osier and Rhoades, ]977) 

t 3 jj] jU* 3 hy*±- Cj* W* ^SL* W* adjSAR jJjuII >j^j>_^ ajh 

* 

bLiiplj. JjUII edft l^JL^ jL^Xf-V^ JJJJJ 

ejLj w-™j y?LjJl <da^i 3 jb^l *L* ob adjSAR j SAR ^d-jL*il ^9 
iL* v ^ ^ j i l Uij Ljdl ,3 J^Lil b jdl j . 'I 1 ! ,3 

,(Ayers and Westcot, 1985) i&lj^Jij Idku JJ 

#■ 

jvL r adjRNaj adjSAR *$Sj SAR Jl <?*jbJl OJ) JSdJl 

JiVl pSJlj adjR>4j SAR0ti0lS’{i 2 = 0.9112) J-U- ^ L>tj 

^ U>L- VI * J^ [ J?- u ^Ji J» Vj^ 1 IA* adjSAR j CruSAR (r 2 = 0.9112) 

. adjRu a j*jj SAR ^u »_jjL<!J! 
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4 4a i J i «JjXj 1 J ESP JiLil J -"^ i^ll AyJt jjo p-jo'^- U\ 

ESP Jl adjRNB J adjSARj SAR ^-XswvU lf>U^>- ^ Jii 

A,'To ) adjSAR <*J y> (V,YV — T, A A) ^ SAR Jl <*J ^ **j~£ 1 

adjSAR J1 f LjA&.t «jt U->tj, jJU, ( A, \ Y - i, \ ) adjR^ ^ jOY.Vr- 

C-J'iJs j^jRNaji SAR ilwL^i^L ESP mJUj XaJjL**J iZ Vrtf^ '■ ESP 

* 

('<rA l Ja \Sjft »L* (j 

.(Richards, 1954) < _ f Sjj^Vl i>jJdd Q^illj 



- Adj SAR «j*l' b *4ll VJjSAR fjiJjjstii *r~* LS ( 1,T ) jXiSl 

(ft * * r > 










j P} jJ' o'W* O'5 p- 


nt 


ttdjSARj SAR ESP J] aj^jlSI (1,£) J £ jj| ^U>jt 

(j±>j < SAR ESP Jl ^jju ( = 0.991) ajt J] ^ibilSl . idjRv^^ 

pj}\ d\ y J±\ AiLJl oUb-^l jSjj lJj tj ( ? = 0.8708} adjR N „j ESP 
J[ IfJ*- iU^c-Vi )' *J ndjSAR <JjU* J-i.S.T.-t xjr IjjLe. Jn^adL 1 . 


•iSj [ ®W* i) b.}^ J* 



.(ft * o r cijjU 1 ) . jl#1 «V> J sdjKNa j adjSAR ;.%AK j* 


J s—*>*oy _^Ju (V 4) 

L._r_%^- I ^ ■ *1 fr»1 ^ i bLJl t j I I P|rt 1 1 ^ J H M ■ J A? j'kjU l & 

j (jl ( Langdier, 1936; Rhoades, 1968 ) L*1 \js^\ lLjLJ ji jJ 

*tr^ v^y ji t£*M J Cj&^ 

■R-iiSjvJ-u* I, 1 ".!.] Ju- F-UJj Ajjjd *1 i^l J-IjS- |*^l |fT 1 1 j-V 2 -n-l^- flO i ■ r ii >mjs 

(Saturation SLJjjJl a J> *SAR A*^ ^iJyj 

^ ijl Ju^j. j] ‘i A*Jj jiLidJ J 1 ^5^*11 a-U fa Index) 









aL^I j*- 


Ylo 

jj-a JjI oV t AjyJl tj CaCOj 4^™rjJ Jj 

oV -CaCOj i u ' ii- ■ jj SjAifl I^J jiLp^ll '/-T \ j (^*■'*]\ 

irttfai' fjiij*p}\ OUj^jf (^, O) 

; 1$^- j^c- ^jJlj (Eaton, 1950) 

o, \ ^ >.RSC = (C0 3 + HC0 3 ) - (Ca + Mg) 

* 

Uli^1* s i£ L**UU oLu* (Eaton, 1950) j* 

L^j jjJii-\ jy* ji£l _*1 oljfl 1 ! i3 +aj RSC ^JLlL 1 ! oU-^jjS* 

4^yJ1 obL^ jLitV 1 ! ^“3i l> 1 .(j?J/ Y ? o J5i> 

^j/t* i oV tlJJi j ^ J -JLyJt I tljlj^SVl 

j-» ^iLSij ^jjj^cajl ^jT jJJii gj jj* LgJ 0^5o ol <jyJl 

\j£ ju> LtiSs-iS* (Al-ZubaidiJ 976) 4jyJl ij ^ ^■■■■ j .a1 i i ji Lgl^L^j 

■f'j^ *0^ j\r*^ 

jltlM H ^ .,i,. /T ; (V V) 

J^aJLi Jj Tj* pjjJlj! ^UaJl t j*I JutJLla-ij ^jjl dL^ CJ yZ*~ ^ II-tfJJ 

4*JaJLd ndJJ^Vl ^LtaJ^j (Richands T 1954) .^Soj^Vi ^^li 1 ! 

ySjl\ - i.. si~\\ J ^^ytLSaJ 1 ! (Ayers and WestcoC ]985) j 

.^3jl> L^mj.J. jLt d^ i ■ ■■,!,!■ I LjIJLSI 
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0^ -X^-j ^jS^yV 1 k->Ul ^ Qjxil 1 - ijF U- bUj^tj 

4j- jilil aLL 0 L^h L^J 1 I-Iaj C4 — SI ,-4-*v-4j 1 kLpj^- ^uSj i j T ij Ujjl jJiLii* Jjt ^jjl *L* 
^^JU ^SM jhSh ^^aju «^Lftj. ^ L*1^ l|I^Jj 'iJb^ 

[§Sjj <>■jii 1 ! <jLt *L* ^ rCj — S| ^ ._■ L ■_ i ^jj. sl_■ L ^_ t 

ljI >J-^“j ^IjjJ'ij ^jJLt-S^ 1, ^ *1 Ut j ^ ■ ^ ■ ■ n^TJ bl*L*rfljl .[=* jj ^ J A 1 1 y^\j/lr J 4 '|rt ~>Xrtr* 

Jl 4>*^Ul ZxAj jA Jl Lj^ JL frLo 

6_^ jj I A rt i * £ L- h0SLv-J 1 tJ 1 ! ^ bwwwi^ 

o'ij L^hmtV ijj$\ ,j *Lt1 d-U. JLa^J jlSL^/U a)U JJJi ,v jJUj jlU 
^■aS .^IjjiJl AjLa> <-JLj k—-jJ AaJsJi.' l sL* J ^^IjijJl JjJ'l 

jl , LkjiJ_J ^Jl**JJI oL-Lzs-^ 1 ij fjLLaJ 4jdaJLd iljlIjij ftL* 

1 - Jb ~ 1 L ■ /? ! 

: aLJj >W^J iJ-Di 

0)ju* 

^ Y * * V ^Lt- laJL- '■ / j aSJLUj ^-,rt jij, <^t- 


: <£jjt ^ l!U^- jj-H LgJJ ■i^.ijJJdllji !jiL IS ^ jLl^- cJ IS 
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oUjj_*KJ 1 £%.! 3 jj«r» Lr lc- ^3 *_ 9 ? *" y* ^'-J ^ I 45 # 

* 4 

T * ■jj.J*- wt \jj O I ti o * 

-■Xjh4wm^JU ^ ^Ji U 

^^J’Ut? U ^jLf' i fl ■ *t ■ i ji + SAJ^t ^^jl/*^Jii i 

^5 oj^*iXl ^Ll 1 ! 4-^£ jh-* JJlU JLiiLj i-j^pJl oiUL e*-1jj ^j-* ^-£j* '^ , 2 >m 

■*4# 

SjLc- s L^lwLl J™^lil ^ X & jJjJ t : 0.>j_ftJl ^ 1*1jX£ * 

B 4jk^>jXa j! iLi>- j(j*^ LfcJbt la; 

^ #■ 

jLiil Ju_^ L^ 1 £**>■ 4 IJij- LJlt- : JbjjJ^J l jj.- 1>1yu£ * 

•Ju^ll 

^^ wX L ^ J^ il^ J lJb*. ■ ' . ir^M ^5f 4»J ^ ^X^ 1 J} 

. k>- jILl ^p}\ J^l^ 1 ! 

(T) JUu 

r r - * n f u ui^i ^ i^Ji jlsul ^>i uki- ^ fl u v 

(j;^ 1 ! (j L^bIa^wwj 1 ! j»J ! iij>l '*!-£>- £y* L£l.s .- 4 ~iJtj oj IIrrl,Ij ^LJlS" cJ- 1 ^ 

: *js^ 
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Ca 4 "* 

/l/*^JU VI 
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B 
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Fe 
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Total Hardness 

WpT i 

pH 
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HCtr 3 
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♦ ^JUhmj'JI i*L>1 alfri^a ^ Jai^ 

(?) 


UJl>- 1 J? 4_SJUfciU iJL^Jm AJiiaX* i y& ^j aL* 

j- '—wJ ^ l_^J^O^ c—'Lf ^Y ■ * V ^Lt- 
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t^A 

Ca^ 

11* 

Me” 

/i/jt-«J-* £A 

N» + 

tr. 

K + 


Sr^ 

jxi/^u. i«,r* 

^UJl 

>/^ m,T* 

cr 

ttr t v* 

$o\ 

^!^l> VVA,i. 

NOy-N 

jj/wJU V V r A > 

c<r 3 

jd/^fcU J*ja 

SAR 

/l/^ r f . 

B 

>,1i 




: ( VI i J.j-Xi’O tfL* j^tjjIlj Jl 

j L|j ^ j- . ^ -i i J^-jJi 1 ! <_Jl& : *LJ^ <j>- jh* * 

.oUj^^J 1 ! ob^j 3 jj^ 

k-^rU* lLw^ uljjll 4^Ui ^ ;0^jXJi ^ U1jX*£ * 


jj™! 1 ! JL^- j jJU-1 

y 

4^m LvJ™ \ l^IjLJI Lf _Lt Jl5 j t L*1* 

j-JfeJ i-Jj^J 1 ! OjLii ^^JLt jjjljJl ' SAR ^jrO_^jsJI 4-*+3 * 

.^jjJJ-^aJ1 J^Jb *U JyL ^vl; 

^£*j i ^jp* V*1 ^3- 4 

* 

.^UlL aJl-jJ! j L^»'^d> 0^^ 



















j if j ] «>*• 


TV* 

4-> j*l\ jll ;*5lji 

p-Jk * * 0 Jj^kll i30^^ '^ pM £ J>**^ *-^j Ju^ * j^aJ 1 * 

-5jJjj—J l 4yyJ»l aS^LuL Affft. *! j *1*# 

+ <&lsLl Ji^'wdl iuJlj LiiZ// 

.i«-TT :(T)U 

JJa* L*y^j ^jjl *Uty frs** ^ « Ja*j yj **Jt*?** OjjiJJ 

. ^■‘ij^J'i SJS* t-t/£«y . idhxa j ^jSULl 

„ 'u jJ 'l « dUll 4jLja b>- 

( 1 £ jflJ 4 j * J^ k — J j ^ t O IjaaJ I t -X*^ ij ljjJ I JU£ i 4J^3 

sLflJJ .( ^ ila j i 

^yjl <£Ub LpljjJl ^tUU J ^i^ll Uj±\ 

. rr - n : \ .z*ojftpjUJ^/juy; n? .\jy^\ 
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dLaoJI ^lia^iial 

oUUauI (V f ^) 

4j j\aa $ JL* J ►LLI L-JJj^J iJfji-S 1 J! |u Hi 

'ujji j J. .,rt ll '■ j-* O 1 !jr U- *SJ-i ^Lwt j4_* 'ij_* S .,rt o'ul^JL Jj-j e ..L * .7-\ llji yjjuc* 

j # 

*Q\ iJw±> .jUT ujj l V ,*'i jj j! ^ r.Ni^l 1-Jwfti oL? 

|_| ^ ^VMl Lv^ ^It^JL*t^' J_*C_1 \ * ^—r-■’’ 1 J bh^*«V ^r* 

aJl-LS^I gjLc^V 1 L j-^ H SjjJUl ^j-Lt jAvirii <JLuJl jU 1 . i*j ijj 

JI 4^3 JJ>- lull £|Jwb O—?l^ ■ d-^j_icil ^y?lI^V'j O^l^l j •W'-tlll d'wi\ ^^4 

: *LaJJ 4»utfL*Vt 

.uyi\ >V i * 

'^bj^ ^^V 1 * 

h oU^jJ-t i-jj^i 1 * 

rvr 



'nijU J «>*■ 


TVt 


, jj sLJ-iji ijjj * 

L*J^i-j ^y'JU —-DL^V^ -U^ —4^L*J i I ^Jjla j^ji|^jl j^Vi * 

, ijU,i -Cs^LjjJI rj* 

^LiJJ * 

- i-j JL|Jl JLfUaJ 1 ! ^Lxil * 

+ ^WU l_s j^aH &L* • 

t 

j-ULil Js j-,rt >■ flL-Jj jJUx^JlI oUIJphX^mVI ^a-? j-L>- j-JUj .illx*j 

JpL<^1 ■ .„i Hj 4-JjxH ^3 V» ^T i ■ ■ 1 ijruwij jjj£LCjt . Ah_JuJi 

t5j—^J ^jjjl 1 *—X*J- ijjbl 

J l.- ■!,» ! >. LI Jf I I 

,( r WA id\^i\)i^\j^\ 
aLJI ^Jjyi fUAfU^l (V,M) 

^ ^ ^ Lt J i j f d^fcJy jl-J-J \ , 1 >J UJ \ o\£*m £j£r k^jl £r 'wM^J J JjUj jj 

LjjdJI j>\ jJ-SU *Ul U^UJ Ji f r * " r U j jUIa \Y Jl 

i^JUi'i jj VpXo »1—U ^j-4 J^il\ iS^Xw'1 J-U* ?->^ij 

l ^ 7 ^ .... O ^| HI ^ ft III l) J|*M^ J J . ^^^ 4 Ar ‘1 J^jul A* * • -- A 

Jl flT 1 .’I sLJlI ij^Lg^-^iL- ajLjj ■! <^.—j I t 

-^Ul .^a*. j fjJl i^jii To ♦ JjJj- 
Jl Jl jlL u i lri E ijjdl aUl oUlJ. -k; ^ ■>_...J 0} 


(V, 1 ) J j J-JU Otr^J *"J1 \j-* J j-J*^ J3 A-w-Jl j-SvJ j 

Ujj-fl j aLw*JJ ^lS ^™J*i 
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0 ^!j 


1.1 - A ( Vp T) JjJ^L- 1 ! ,jw t i-JjjJt O^-UiL 

V^J 1 0^ -(Lamb, 1985) 4^£^y V I- 01 ^^/^JLp 

tw£^ L d b Jj , i-j.-. 1 ■^v‘^‘- j t^ > t- -k I I £ LA ^ Lfjr^J ^ 

oLi 4^1 ^j .sLAI kijLAJL^uLJ 3 l-§Jl£- jAyJl <-LJL>- 
* 

g& i^^waj! wijjJaJl ijr—^ ^4-0 J-1 3 i^Uil 4^waJ\ 

jU£ Lfj- .j^J'i J$i>LAl 3 OjjJaJl VjUU JiiffUL 1 ! 

y 

,^IJ! J jJJI 3 oJuM eAft L^ y y5 V ^ 


*£iAlj Cf amh, ]9«5) *iVj JjU+ ^ ^ OW4AifcA ,( V, 1) Jj-4^ 
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.3UJWU HLrtLl CJWJJ^yl <—-Jlj *>W ^! .( v^) J>JH 


(Lamb, 1985 } 
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JLi *Ud_j t ^jJJl .oUd *l*X*Vl ajjj^all 


i^jJLJi iLlI LiJ-bwjl l Soft jl Hard 

Jl «-1 j1j*>i-J( ji j-* ^L,djJ*j jJ^J-i £-Ul1 .^jLJ 

* 

l>_>1_aJL1 i ^A ^§j^\ ji_j LJ5j *jujU- 1 UU-ij ^_£™H5sJl ^ 

j-« p-tjJL* * ^jr^-i jt j j*-*i1 *UJj j—^ 

^LJl _jhd-S-51 j -/i ■jm . -fc^j i^J*- ^ 1^ <^'»h IJ 

-j^w^Ud oo-JiJ JltUwj j Oj^waJJ 4jV ^ 

tli 1 ! l flUil JpLS i j^4 rtj..j. i jiU* Jjlil (_y^ ftjJJtll jJ *LI C>li ^jJkI 

> o ^-w—- ,, ^ a_- j l^-j J 1 + . U. s. ■.! uo ■> n JL ^ ^ 

4 (_f ijlj UU ljJU^^Xv *Ul Oli 

. .J L_J j" "l 4j*Ln^3j 
► + 
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0 ^!j 


oLjTim * ^ frills i ^JuJ.1 i’ll 1 ! J] 

^ U*1 *\X\ o\£ lit U J^A>*ri oIjIa^I ijLj&j 

tiljj ^is** Cy* LJL*t ^x*Jj ^-*i^Jlj jjjJlSsJIj ,^J 

ffUil iS.y^ aj J ■ Chlorination lj LI**j Oj^c V sJU y* ^ l)Lfj 

c^L>ti-oj oI-L-jsj. 4jj r Aj“ l i olJLjJ.1 JJU l^'L^S oUS j-4 ^Lt 

OljjsJij jlgjVl eL* j oUli£ *UJ1 j\ j)d\ i L^luah ohlllj Jj^Jl 

|j*J^jl I fl * '—'. j l—-J L.A jlll ^jjl 

jj-* ol^^ll &JL& j-^il *1** (j jZ j-jIjl* AjA^j oLS* jll ^1^ 

^L-^Vl J j a! oL£ jll iJ A> ^2 juJ *JUh k^IjAS^SJ 1 JjL>- 
o'IJh-^^J l 5JL=— ,jj ,>wJjijJ j 1^>1 k_™*J jt ^waijl jLfld JS^M 0U*^*Jb 

■ I [j ■ *> J 1 ^. ■ H ■ ■ ^ Aj Aj^“ ■■. ■ \ ^ k—- : V-W“ I 

ij^^l y* ^Jl5 jit j-frj Radon 0_j.il Jl\ jit- rUI J Jb>-1 Afj 

i^ll^llj. ^aLJIj OjJJ 1 ! pi-L* V s J J ^1 0^ JdJ'j 1 

k- ^^ -i <J1 JL>-j aJUj hOU^Vl a^Jall ^L^l ^ *lll ^ OjjljJl jli- 

j OUJdl OUsj^j 1Up)I1 IhaJ lw ca j^i *JU- - W, * * * ^.j>- 

J^s^ly &l*J ^ A* * “ T * ^yt ilU>< 01 L*5 -OI—jV^ 

p 5 ^ 

«U J OjaI^S ljLfr JL^ljij; Ls j Wj^ J. 1 ! frill OjaII jJt 0^ 

*( T * ■ v < *y 1 ^ O^A 

flLrtil a JLJ ji till jJ o-l^ll J^j-ljfrj Jjj 

■ 01k^LtAJ^- J S li *1 I dJ 41 J-Af- 





TVA 


fl- J [^*k I L^-S O-J'I j^mJ T l ,J"* ^Jj i£^-^ I d-^jll Ji 

^-,..11 jLfJU J *JLS5-1Ijdt L^£Jl ^ ^ 1 ^ JUJ^IJ J_*lU 

t—Jjpv-J'l |4*J i L » ■ -.^h*i —i 1 |j^| J^ w^ I p-.'.-. 1 1 jJU J& 

■ ...''' *^j | j| iff Ji ^1 ft^ttfltlilOj^lobltl ^/o J t"^ -l j^S'LJ 1 1 ;j i -^- j ^ -| 

/j* 1 !£ fl j-* HrU,l ol/*iU iJjhJ \SJ jLi jll»V'l * JLfe ^ * 

* 

*-JjJU «LJj jl LjA^Jo oL^-iSJl J-fi L*£ j^JXe y C^puJJj jJ 

jJ*j ^-j1j_J 1j]j ^jjJj.,.1 1 \j \j ^ j™Jl£jl +-J&Jj* 

Jj US' jj, ^ ail Ji j. J/^ijpJUL. 0 - - Jl^ail^cAi^l 

■* ^ J I " ■■) fl-Lpd'l i -U> I 1 '—^ V *■ d j ' ‘■ Jl Jr^0 ^] JjiCj 

*{Y"V 

V eOj^^l 11 .^df* ^ ^ill 

■J—ijljJl ^JJU*j iZJjjJtia JhJ . 3 j.L^£- jl UjJ j 1 Ulj jl 'w*aL ^LJaju L« 4 j- Jj£j; 
j^U’ ,^1 ij^' Oj-U*j 0 j i '^ mm ^ flj *L1I 

,>u*; ^J^Uil UL* JJaUl ^ ^ 4ni jJJ J^fll JJ L 4£" 1 >l^Xv 1 J ! i 

H 

.OljL^lEid j 

LajS l_j j-dJU j^Ju 1 S-Ll! l j'i i_. 

L* fl-Jl Jl^ ^ u^° 

,^L^ J1 eJjtf 

} H 

iljfc L^jJ-l JU5 ^JLUJl ^ ^>^11 iJut L^J*pj2>*J ^jtV 1jJaJ 

l j—■ JLfl* LfJ-^ ^3^-djVi 4Jjl^ c jUL ^U5Li-l| flJL^mjd 1 ! ^ 

-LiSj ^^JL*Jl ^*^4 Lj,^+Aj J^di dLll j^LaI'i 





YV* 

l jm* 1 (WHO) iglUJi Xswajl 4 « i lV« O^j! 

j»*Vi yC~*\ l _^>- ij^' ja' J «d>Jjc f f \ W1 *U- <_pLiJJ^ jl-U@l 

<.w j]>\j ^Y * ♦ 1 fl* 'jbjIjL^l J-sfrf ^Jlj CjjX^j ^J1 ( _ f JLfr 

.(v t r) JjjJ-i $ 

jtj ) i ^ Y ^Lt- European Community (EC) ^jjj^ 1 Jj-i C-*U US’ 

J_Jj £_>jj (Water information System for Europe, 1998) ) ^ A ^Lc- <lJLjju 
^-j Jj <«J ^ji'-^-J * * jlnit-Vl iJL^i «(V, t ij jA^-0 J &- 1 ^ jLijl 

j^Lfc* ji . Ullfcll «. «iSi^» ( j»* jiUdJI jJlM ij—)l ^ 

.(WHO, 2004)*LiUJl i^waJ! jJu- bJLU ^ 

JJlf iiAUJl i^waJl j—di~* jp^ *j j-jLiAI 01 i_— £ j 

,j_* olwJ^ 1 ! Ow* LjLi 3JL*- ii _ i -lc- SjL* J-Si LajjL^ w_£ ^ lJ> vaJ5J1 

: 1*5" Jj. ■ii j i jh! 1 ^JaL' _jj 1 <JJ .. r ■■ ■ t^ 'i U .-^ j jJi'jjt.j . i o ^JLJ'i 

4j ^ “ \ 

flJLa- ^ L wS-jjp rf t C—£ JLp- e^jW- ^ jjSjitl 

jl21 Ua 0^^ 

ifjPjpli — Y 

Oj-Lj S«Ulj l ^jL*J1 

.t$j jLt Ljaj I “UjiJl «Jbfe Lf U- ijJo- 

ijjLii u-ii' -r 

<jlc- ju t 0 VI Lk_j ji ij) ^JJlj a . V - x .. < jl VjSjjI 

J '1 ^l) 1 ^- l ^) ijUwj U-U 1 iJ> j jj^Js 

0 J+*J 





YA* 


»_r- 1 ^ |J (whJl ^u%LM WmjlJ ■ Lj Li^dP I I J 1 J\ ^ J|^ a3 »3 J 11'^ . 

L«g£ijLi*j o U_^ 1_^U 0 J—a (V ,X) JjJl^LI j^-j_> j ^Lillj oU—jIjJl. 1 iJU* 

, irtlUJ 1 ! oLLj^I^| lb 


.yuji oli^ijlij ^ijnwJl AfpPjnfl <£JU1I J V«y jll .(VX) J>^' 

{ WHO/EU. 1998, USEPAr 2£H)3 ; ft * * * ikjp* Jl ) 
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YAt 

i*>jU C*V ^ (V, > ,Y) 

* 

Livestock 5^t-j.j r L l l i^'Ulj-^- jp*l *Ll v iJUtfL* o!^lj U Lilt 

yJj ■ ■ ^ >* La ^ ■ .. I i T C r * '' ii 'v A ^ _^ 1 ^ 1 ^ ■ * ■— 

u_ifr j-* JLt J^sS-*^ 1 * ^l>r^ 

A 

4 ~*LU I J .^JH—U l jl ^ ^1 J ■ ~k ^ -J ■■''* I 1 .yywJ =«^ ww¥ •wv& 

OLi L S-L* ^'wmP 

=j 1aJL* JJJd *UJ jy* S-L^ y 

fejjii ouij^u juii (V,MO) 

La SjLj- L>1 k^JLJi 3 AtUU ^jU- 1 jis'Lu j: 

^j^bwvj -jij’LiiL- ^uyjt t««-' *■■ 'i 1 . ' i j ^ fl ~*wi c Lv® 

iAi JLt- y tjXc- sLjll si-* i$.y£ ^ ^ 

JLii j-A j5LiJ^ *jLa ^i j-^j ^oijloi^li LL*-^ J^Li^ 

Ju^-ijJ JJ L^j 1 i j^-Jj ^pLkl o^J-jV* 1 ^^,4 - ; SjLt LU'-vU^; jj^viJlj JS'b'L ^u^JtJ^ 

cLl] j .* ^..^.wJ.U t j^a 4_J I L£ oLjlw^i J^JHJ AjLiJl L j_a d|jl ^Jl n pill |J 0_^J;l 

.oLl jhjJJ Diarrhea Jl^l ^ ^JJ 1 !j 

^jJj *-hU^ OU s ^^13^1 *Ul Sy> **&y iit (jji 

#■ s' 

L-jf; iilijtj i j I "-iy* ^UU j^Wt# 

i^j jLx^v i j uj*r 

Streams Qj,_< nrtaH Ijlll 5JUwajl ij_ v.rt ^1 jL^U- : *M\ j L,rt* ~ ^ 

5^«f-SsJ 1 jLSfi ^£- ^La ^^.y <Jv;U \ o^^- 

*U1 Lj L ^ JT ijj^l ^^l 5 



YAo 


0^!j 


otXl J -L^LLj- ^ -tA-" JJ aUll S'Jj^- : olj-Jcll ~ Y 

: SjU^ 

,oLj1aH pjjb J^J*- jJL» j-sUj ^ 

eJ-l jjj Ej^J-] tuUljrti-L jLjH jJsIjJi (k^j 

lwJIjLI VsAjaJ^ 

o 1 ! J^m ijl ai-fc oUl^jLl jf frill jJL^a«* (^ 

■£^Vl }Sy JJ L^->Ji 

.till 3j^- ^LiJjI (■* 

j\ j^^jJ 1 ! jJwaJI ii 

, frULi (3 a^>^j jj JaiJ JvJjti t ^ \ 

Cjyjj-* l£ ji-51 j iill-l ti^U-Vl : frlJJJI j t jj^ -1 

i^J ^"^-"^5 01 ^—J-1 ^jr^* ^J-JLaj JhJ *l^JajH L=i^i- 

jXc iJUXli ^jaaj- JjLj) Mijlj SJLUI 

jjlij ^Ju 

^j_j tLLi -*<_>-jii 3 i ij-i^iJ-^ ”0 

- L#1 jJ-1 

t L^La^I jXL£ ^ k—^ ^1 jLi&Vl ,3 iiiL-Jl Jjo! j*5\ JL^Lj 

^ JJ^ L*-jJU olo *L* £>1 JJ (Ayers atid Westcot,! 985) j JJis 

^aEjJ L*Jl1p 0L*^Vl ^Vt y . ^JjjJaJ 1 ! ^ ^ * a wj-^ *iJi^- Ju^- 

4-E^il oUl_^J-1 jLg— m\ lLjJ^ J^jII jJ-\ jiSl Jl as-_^ li^ 



oUljfi- aLJj J) j*J1—** (V.-O) JjJL*M j 

ij: y*$jS ^jL-ijVl JJ-U^ (V,l) JjjJ-1 L.W s J 

,?Ab>til oUijHi>JJ jJJ^ *U 


.{Ayers and Westca4> 1 M5> CJli'jJ- &LL 1 4-£jJ AjjLij^l ^Ull .(V,#) 




till li-jL. 


jjJbJLy LL-lJ l ij™i- , i * 1 r ^w*j- LLIah^- 1 jS>L 

y* 

V*>* J*f 

^ gj ij-pJbJlj ^ 1 U. 1 .■■■.'..-■ * jr*+- 

■ ' 1 i-+ |^j^ ti- l T-^7 -Ij J^j. 1 ! L«i J~.'.“Ji^ 

# 

l-Lv 4-Ayr- 

P — ^ r i 




UjJ- O'U’ijbji-’i Ji^aJ "V j.i J L^J i_. -J 4> 

^ jj!^ Okj 1 Jjrj^- 

A — a 

.jjJaJ Ojaj jly l* l*J^ 

jjrtkLS V- 1 ^* 


^L^Vl <p^nJJIj wsU-l .j^A* 


^ \ - A 

.J^jJ-lj- ,-.ij^j—J ^’j .iwu-S/lj 

\* } p 


, i wZ-i-J iJ yjLj* jl& 

JJisV^ J±& 


JLLP LjLp jJela- Ui-^i . ^j-jJj! J_-ii->L^j jlP 

UjaPj ^LpS’ 1 * jf jli{V 

\Zj L |^_> ’) J^n>- 1 0“ ^-* i^-PyLi L »J.~.. ■ 1 1 m‘^7 ... ■ 

ill) fij-t ^jlp 0* S^Aa-^lj 

m 

ijuPr J J Ji-i ’i_^_j i^ijhtL^ 'i 

u - i 




1 b _~ l ~ -^-r L.P -^UJ,! 4-LA 

u^v 

IT u^X 1 










YAV 


0 ^!j 


J*)p owy: *U ^ f >**11 j//J ^Wj! JJj .(V,%) J>i*M 


.(Aycrs »nd Wcilcul, 19S5) 


CjJ/^^S*aW^) j-^j^ 

fJK-^i‘ j/j 1 

(r* 

0^1 

Y'^Ji' 

Yo* j-J>T 

j .^ 1 

Y'^J * 1 

Y»* Jit 

*i^Vi 

Y'o-J * 1 

Y^ ^ Jit 

^UrVl 

Y'o-Jil 

Y 0 * (J* J^ 

^XaJI 

rr 

i . . 

^■JJ 1 ! jUjI 

n 

a * h 

oJUl f Lt.Vl 


^4Jcd (V V ? 0 ) jhJajj 

-L^L>- i 4_Jbil OjjJaJ^ jLX£^ 3 JU-^1 * tl>1^i i l ---'jAJ (jyu* 

L p i ik^ *1* ^ Uix^J .y£x oL^Vt Jj ->*t^ J Jykjllj *►>> 

j-lp ^JJuJ J^- ^hUJlSj * As£* 

1 Jl^ J JLd aJU] 1 ! OlJ^t ^irJL < 

; (Ayers and Western* 1985) 

L«-l ^ ,/^jr * sLjlI U_^^ r v^ 1 ”” ^ 

■jjr-J Li 4*£-- j^J 1 jj^aui^JLL! fM\ 

*^SUi oj *Ul *jU^U£-t 

oL-JJ i^Lj>tXl1 ^yt] j_ii J Lp*iJL>taMV jLLhOM flLy* 

■^1 

JOJ1 “ £ 

^ L .1 jj I S ~* d * i J J ^ 












YAA 


OWjefJJ «U JkLJl *\p (V,1,Y,Y) 

* 

^ j ■ ■ ■»t 1 I I ^yjj *-^'l J W 1 ^ 9 ^hLwJI CjLi^jV 1 ' j'l -!' I ji ■ JJlt JllL-t 

i *uu ti -^i oL>^sm <Jj b*?jj 

* 

La s.>U- Js Ij^Js J^lj^J ^Jl l^LJl jljllj t *L 11 J oUJUJJ *U11 JJJS J^aJtoj 

£U>-jJ i i*LwM ^L>-1 j£ .i* l L«J l l tljljji«Jll ^pa Jp 1 ! Jp^ jJ ^ Jv*-ij£j 

,-SjU.I jiJsLdi'i Jj l3 ^m^JI &L* *Ll! 1 Ji* ■Jl.-'jJj jjL,^ j oJJi 

(Ayers and Westcot, jJUi jl *ii^Ul ;Jww bjJL£ 0 ^ s_^ *U ,1 lJU 

.1985) 


oLilldilj 


t <i •) 


JtJ jLuUJi ^bLwJI j -1 Jh'ij 


aj-j, m m "M ^-IJw-I' j ^jLji ,?wM ^1 Jw-^ji l ^ L_Lj' j?J'.j 4 a ? j 1 ■ 

>j^c- 4 J j-1 t ^>JU ^L*- LfJ Dj-Sa Ai j^j-LI aJL*j ,l^Uijdj 
_£- j'l ol^Lwi ^Lujf: l_£ ijlj-J- 1 ! js jl t *UdJL AX^LwJLwd 


j^U* (Ayers and Westcot, 1985 ) j JL iirV'i ^uLl* * JwiS j 

uj pj-^ - j, ■^j~ r ■»■■■■ a ■■U *oj&L*^j1 

!^J1 LJ^ LJU ^Juti r(V,V) JjA^-1 J 

d* 

J ■ j^LI C .-L ^ i ■■ ^ ^\w wd^ ^jJirW - .j! £-Ll ^j! LoCw lfl »-L>-1- ipJ 

■ 0^)jj ^ jJl l^ yj-llgT .,1,1 frill i UuJj^r jjlt 

ij^I -X;JUi^l 0^ (V r v) ^ i^^Lji 

if 

j£ jJj c-1 jh^J j ^ ^j—h l ijl 1^*3 - Jj-I^j Li I jjL jjjJ-U i ^jpsLj 1 ISj ij j . 

J-LL? Jr^- ^lLj|_jJo- i?JJ_v^ i; _^—L c- A^uy ^_J jjJw’JsJ-l JvvSlj ^1 

.(Ayers and Westcot, 1 9$5) oLl 



0 ^!j 


YA^ 

iJj ij^J ■ j JjjJiJ-^ * J*n j^IAJ ■ l _> LbLuJI jI jI 1 Jj^LLa ^ li< * 0} 

k_™w (_f-Ul ^UlI J JUj^JUJI L* o>L- ^ir j>1^L 1 ! ^ jL* Jus? jijJ^h 

i_j jJuJl c-Lfl J3 Ajjijlill ojx^l j j , ^LSajJI j jJdJ*! J5 

jj-* j-sS'y oli fiLwJi i^_£ LijT J_JLo . L*ju ! 1^—^ 

# 

^1 Jj^JJ! £ 4X> ll" -1 ll |JI ~,i mV 1 ! iJ'^JXj . L^J" L. J j -^m^- J} jujl SjJtat^T 0^1^^ J ^LiJ'l 

c ^uVl ^JLa oUUl t tfju *U1 *u^l £ lij +UJ i*Jl J£L^ 

jJ-1 j j^L^I j L*1jbjjj ^Ij1_^>JJ ^UU£ 

. (Sc) p> j. y -h.L^J ■ J.,rt .ll 

Jjlf- V Oj^LH j ol j^J 1 ^j-o i^LJl ^ l ij_>Sfi oj 

>*J' Jl ol^J 1 ! ^liffjl Lpj-dj ^JJj j* U'lj^x^ ^ji !j) ^lull 

J^JUd 1 ! jp^Jj oU^i-i Li^j^ J ijr-j Vj 

* 

uC jjH-^Jl ■ ^ * I M t! 1 oVL> ^ | JlJ Ll J^lp j'ljj|_d j-^7 ‘in I . 1'. t, In j * Ljl '■ 

* * 

ky ^ *>* p^A oU-sy A j *1^-' 

,iwJl^JaJj ob ,jI*Li1 j -Jut j-ii-1 ^ * lJJj 

iJL! j_C <J ^lS/^ j~S^ 

. jLjil J JLi ^|jk^Llur ! l Jijj- 1 ! 

Ll* _l>-jJ yi iLsi_ja]1 iLL 1 ! .jfL^.jji 3 ^.^ H _Lijj_S ^LJ 

" * 

ji l ■ ■ -H‘* > l_jiL^ ^ ^■‘* | ^J ^ui k_3 ^ ^ 

vLvw ^ |l h ^ 1 ^j| L„ .wfcww^ ■ jj • ^ J} ^ *■. -JL^lJ * J I J ^ 





.JUjjlt *y* ^ i*Ui j^iJi oiejs-Ji *&utfi jaw .(V,V) jyJH 


. (Ayers und Wcstcol, 19SS) 
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(NOz-N) C^/uJl 

*1 * 

(St) ,*^J-J1 


(V) p^jCUJl 

Yi,.. 

(Zci) dl/jJI 


^ fAjfcUpll *Ut (V 7 \J) 


\ j , J> t— j3—--4*^™ L -. ''^ i_j8 |* A^», H «i , ^i| \ 

^Lj£ ^ Jp3-Vl oLLjJ^ 3 ^JtkX^Jll eUll J rvbjKiJ 11 3 J*SS aJ-UI 

. .L-i.-* ^mJU ■ 1 I ~~ ^ ^ I * ft i ^ _jjwj*l j_j| Qm fl -L f> * ■ I ■ ■ 1 ^ LIj-LL 1 ^* b> »' I *jf- ^WsjE- l^j 1 ^_.J 



























0 ^!j 


\ 

i M i*L* Jj‘1*'—■ ,, “ ^1 * I "A ^-fk ? i ^ J^~ i if'T 1 -1 ^--' 

o*jfL>- Jj -t_jjJjl y? oljjjJdl ^pJU 1 ! ^UaI 1 ! j\ C>LJV^ 

k. .■— || 'L^~ i ii ■ * f?^ *■—^ ^ i%wwi^ v.'^'t^ ■> *LU jj£ j^l 

j ^ v^t-L ^ J J*jJuL^ C^i . J— L_m-' m4^ 

^UJU (V.A) .<J JJhJ^ O W-L+^ 

*JU-J1 Sj]_)j JJtJj h (^X + 1 0 s J—JU-) oU-lwaJ 1 ! k jJ«-iv J 

.(V,M JjjJ-l j Lj’kJ ^liiiJI £ 1 ' ^-H j: ^Ink^iXirf^J j'L* 

. ^ ^UJWks*jl *LU ^jjf ,(V 7 A) J>ii-' 


(r* * * 0 ‘AJ*) 


ys& £**ui 

>/f^ 

J Jj^M 

jJLoJ l 

^tXi 

CtCOj 

J*l 

ChCO, 

jJ/ 

djiti 

NTU 






^ ’ 

1 - 


^ 1 k H — 5+^ 

■>i 

1 * H-VO 



1 1 

oLUll 


*,» 


1 H * — V* 


1 - 

lLiIjjI^I 

^ * - 






^A*5l 

r. * 

• ,» 

* *-r* 


0 

0 

i^I^bZLj 

^1 

T< ■ 

• ,\ 

\ro 

iVo-lo 

1 — -1* 

T ‘ 

du^ 




T * 

r *-0 

0 

n'l 1 
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(Ministry nf EDviromsieDt, l*??j rt-fr <jl aljjl .(V,l) 



kU-jH 


So * 

jd 

Ci»j..-i*ij^]1 oLj ^>jt^) 

A,o -\fi 

- - 

(pn) V ^Vi 

SO * 

jd / ^1 jJH.IIu 

Hardness j^jJ 1 

la * 



10* 

jd / ^1 j^Uu 

CibjXJl 

•J 


JUJti-l 

*,X 

jd / ^1 


1,* 

j^ /fb^sW* 


0 *, + 

jd / ,j*l jr>i--LL* 

£LLJ^ 

J" 


J^l 

fl 

jd 

NQrN<Sslfdl 

>* 

jd /^Ij^JLU 

kio^dl 

■Jy^Ji ^ 

- - 

wyi 

>A>JJ ^ 

- - 



Pt-'CO 

O^JJi 

&* ^ 

J=j 

ijuui iJUJ', jijti 

\* * 

jil 

aui cUit 


iJlfl-V' ittjf J (V^,i) 

jvLSJj .A^lll “CuJ) (J | jJ L — « j ^l_il ^*'i /jrJ ) j jX» J 

•r * 

L—^ ■-‘fc l_j ^ j — 1 Low^ *jr I j‘,‘m*m' , _* r iwv| s-.fli' v *- ■. ■■ ■.■■ * I j i i ^ ^ 

ij Eh^J 0^ H I ^ 1jJ_^ *11 ^ 1 5-O jJ j I lL- ! ^ ^JLj. I «-|Jl1^mJI^ 

. ( j^p'ij_jVl _J iiAJ^lil j4j° I j* 3jLII 

, JiJ'L-^—J ^ I ^LUjJ 0 tfc* I^j L . JuoL-S' j. OuJ? 
























** l l 


y 

ujJL t- jSjJ J-^jjJI |^>i frill ij iwj'ijJ^ ijrf> 

Lpj-* j-j Ji^-l *Ul J *wj\ijl 01 ^y>j iSU^V^ 

L*gL* V*1 a* *-111 J -j-J® ^J/^1 j-*iJU 0 jJl 

j ^-L^- 5jjUl sLJlI 13 ill-*—*Vl ^j.rt *■ jL* L*1 a ^ *1 

i m ,i I \j^ i m m ^ V^ Lj : » * 1 ip Vi Jj** 

+ (Svobodova ef a/,, J 993) 
ij\J~\ **?j* -Y 

4w^j ,j Ll^l jl LL, yjn ^/l' 1 .j-*1 j-* *UJ Sjl^- -U3 

Jl aj-£ o^JUwi LgJ J—aJ (j-^ 6 * j\j^~ j* ^U-Vl jni tuV-iJMi ilU-Vi 

JSLlj V LjJl) Lr lpt Jjt ij'>>- wUA iJL-wV 1 ! 1i| Ul UUail 
Sj_^U 1 aLJL 1 ! j) *LU s jlj^>- L$JU*£ iJL^-Vl i***j£$j 

jlJ J dJliljJli iLjJ Jj 1 ! jl ^ 1 Q 30^3- oL>-jJ ^ Lf^-2 

■f' V y* \pj\J>- Vjj 

*^i -r 

i ^Aj a Li i Z^jJLl l$JU**J Luj ^Lyjt 25"^ ^—uii 

T* ^ i^Jdl jujj ^ J JL*; ^\j <J-UL1 .U1 ill*J (I 

*0jJ11 J frj^- wiil 

Jwj^ V l^-SI j- o-IaJI ^Lll j ^Jl sUll i!>Lwi (<^ 

.OjJll j o * * 1 ^ Lf^-jl- 

^itCrt ^-jli>l^0 j |^5*J J vLrU aUll HlAr-Hirl 

-ojJii ^ ^ uilr ^ Jji ji o * * ■ ^ 





ftLi 1 ! <J - J ‘i- J| —-Jl ^ j^"£ jr* £|jjt J 

^j-4 s ^JLa l^U- ,^JLt oJL* Ojj 

on If- <i-^j rjj g i »1 i Oj-*JUJ!i JhLaw^ LgJUwJff .jj-vi^Jl aJ-UJ eUrf*JJ <jJjJ 1 tLU 
^jjJI jL*^-l j jKjlj-h *LiLjjj jlj^ jLyt-Vl ^ >-Ll1 a_3-jJL JLj-1 aJU 

, Jll i-LjJ Iw^y-Li 1 ! 

* 

L**jl>^h wJLk^ jh^^ 

oJiu lajl^jj mLSJj rilL^wwM^H jfJ j J-jj o^jjjl ^LaI^i 

(Svobodova ei ai.+ (V, \ * JjOi-l) iJL***Vl sL* 

+ I9S3) 

.^yu 3 ^y J ^WfcAsJ^ tWU yALt {V, S *) Jj^“' 


(Sv&frQdova et aU 19931 


j4/fl/OrU '4 ,r+**—I 1 - yUl* >j4j^I 

Chtmitril ^W^J! JljU 

O' 

u^Vi 

•,•** 

fj*** 15 ' 

n<-t 

fJr Jl&l 

1 a— b 

Ojkj&i x_-^i 

.,.r 

i>U>^ 

*,.♦1 

^UJI 

* h " * * 


* T ^ *— 

y^l jjXt-l 

•r" 


b n* 

liLJuAi-l 

.,.r 


1 | k> j — k 

f^ 1 

















** l l 


Y^o 


(V t 1 gl? 



J^fai) 

* + 1 * t 

JJjJ' 

V-i 

o1/i5l 

s' 

1 * qj^ywJI 

V-e 


*7 b + & 


A-ni* 

A^ !9 '>*^'^ 

r-,,0 


A 

<jJljJ! jIjU *---1 

t * * — \ + 


t s *-1 * 


* T ' *“ b J S T 

dyi 


^ 1 * 4)1 j^oJ! *L* (V, \ , 0) 

^Liijlj 0 ! ^—J^ J-Lfr jJLfcJ^ p-£ajw Jjj^«-i. ^jji jjjJsJI 

V ^ {^j ( -Li' ■- JkH 1 p_^«Ju jl J] 5-i» : *i l i 

aL-L 1 ! i_Lfc ^.yrjj L- 4 ^ oJLJUd^ iLil jjL^4 w—w Al^ik -jjLaj 

fl^JerjVl S.JWa^! 1 AJ 4^-1^*]*! sLUj 1^1 ^UiflJtj I ^ii oLv^j 
aLJj ^ SoLjh^JI ojlj^l J^t-3^ 1 ! Jl dJJi c_kji -L&J - UjL^t 
JyjuVMJlj aLJJ jjLw lI iji ^ 5 ^ lS-WI jv^V l s l^U- ^UiJl ^wJLW^ji 

^swaj^ O ^aj\ 0 L* Jl*^CUJ oU -1 Jbj J ► ij ^kJl L^ <£j <*+£ j«£l 
*1 J U» .y^* -L^l JSAjtJ i3ji^ ^ 

*j^J JL* I 4 JI i^-LiL Ulj ^ r >li- | i l jlJj l-..^,J flUU iiU.4 oLk^j 

iJijJjJ aU aJJ J*: ,i,1 ,1 r_■ ^■ Hij jJLfr- ^^'jJ 1 (J jJLJl J V-jrJ a ^JjI ^ S-L jJp 

N Qjj-fcJLJj SjJLj lL 1 _jJLJ 1 t ijV1 i_jjj *Lsm olgih.iAljjL^jV' ^J[ 
^-Uil ^k^ajl jJj^sJI ^Jajl frUiJj Jl LC I C , .V.iiT j 4-*UJ l l 

. S-nLaJl Ar>r-^±jl 4jL*J- Oji^y'l iZJjJla&j 

















j jkj A 1 


fl*Jj |* \ AAi ^Lfr LjUa^ J O j ^ip fjUh ij 4 ^LIa* i}j\ C-J^J 

.Jaj Ws <A-Uli oUt£ I 4 A Oj.jjfiJ ^Jlj a-LhAI oUVjJ 1 ! 

J JgLvJ^Jl b>*,L i^L-wVl J1 _)La 

AJjJLfj LtLL^ ^amJI ^Ua^^Aj- *L** i-ijJU jjLAI jj-a SjLiL^^J 

dJUij Jwilx^JLI Z^plwaJ’lji ikJtjV 1 ! jj-t *_Jji%xU *111 ^A jjlix^rVi 

oL*lji>lii^J j\ pUaU ^^LmVI jJL^i ail ^Jl Aplj^U lJ 1 ^ * 1 j** *3^3' *Lil j^_y 

<ibkii 

y^s-J *LAl * l -G?* ^Jl 4_^-jjJ] aLJLI O^bjl Uj-^a-jt Jj 

iisAJ Lo^Ji i^kdlj ^ iTy-T ; Jiillva J XaJIJ J...et, % .,..U 

i^JLil ijjUw- ,oULl <iUM jtLil > j^aJ LfljV i-LUj- j- * ^wsU- 

eLA) liJJjjT j L^i^iy <JU 1 uj yJi y^J h_j[jpV i J5* s 3 y? j 

m-ULi LiJij AUi * j>Vi ky ^ 1 ^Vij uu=ji j i*iyd o^aji 

P ^wJk I ^ LfcVjJ Jg2 Iw^h tf *1J Jl^| ^^LJLfcVj 

.ajm Jwxj Ln^ jj'iyLi ^ i u 11 *. <aUpJli m +y oUiJu^ yj 

*i_j L-J hw. i'i O^aL'- urtH ij-Jj, i/il'i pLhb- j LfcVj(jf wL-i- j. ■■'*■".■ 1 ^iJUiA I lJu. /aj 

cLa) L|jV ^i-UijJ ■ ^-JjjJ'l <■£!*!] l g'*J (JjJ <\£] J, 

] j-* JhjJhjJl C^lAj 1 ! lLw->- .(oJuLj jji i/l j) pULI jiji ..i"! j Jlj-I (^jLlxli 
^j-b >Fj 4 <5ULil ^ 0 *Al ^3 L y>*-^djl eU^ 

i ^ 1 j.,vi ^-i oUk.M 1 ij ^uj 1 ! i (j pLL^ 

.( McLamb, 2004.; Ludwig, 2007 E^i J] lA jr^Jl pU 

pLij* OjA^ p I»!l 1 Water AjJibjil pLJl! — \ 

j jb jj jjmjJLj jl\ 



jJLI ifUl sLlI Black Water All - Y 

I 4— r 1 ^Ll,rt 1 1 Jji- InJ ^ a 1 J ,- J ~ r •* * ^ iV ^ EK> I ^^L-- 

&LJ.1 Sewage WaLex .,rt 11 ijj ...rt H sL^h —T 

. rIji * 

P-L. d-lj^ (jJlaj ^ .j jjki j , ^*a^Ji1 r 11L^> (Wastewater) tjft \j^l) rL* 

,*ja j^S JLc- i^y^, *11 Ijla .joLaJl rU.,1 ^*1 

iiLll «ljt 4^Ll*£j l ^wLj 1 J s- w^ l Jjc* JaJbj£- rL& Jj' t (j-JJjk^) 

jiiUfiJj ■i^“bl l l ^yH-A!l flL> O-Cr jJlLu L* 

.jL^AVl Ail* ollAj iSj^ 

*L ll AUj l$j-^ Site 4£r\jjJl lJ\jj ^juli iSA+U ijj. 

.4_..Jjjl i^jl+JU i jj Lil ^-c4jjll jJJjl] 

L_i jI 1 i^jJ'i *1j h ilV l i ijuLur aLJU SjIJij^j O'HpM i.^yt jjjJ j> 

L_i^ajl all i>-bll oL*£l! J^AJ* ^JLjJ «(_5jJJ A^Ull ^wajl aUf 

aJL* 0 \ jAl ^r 4 J -* ^ £T * J: 0_jAU ^ 6 ^^ l| 

aj^l-^W £->j j*' -UJ.j -a ^ £ £ o Jj jjt jLU l.o J] 

.(V. > 1 JjjJLO UUI1 JS.UU ^ jilIjS yfjlJ uw UhUII *Ul 
, UW ItiA ill ^jtJi »srt(jw ,(V ? ^ l) 

<{* UYVeA^ j*W'ij1jj> 


( > 



i^jlLjl Jljll 

\.". 4/l.H j>*l^-l- 

«!>»• 

iJULJl j l ah j-ljLl 

A.t —1 


(iM* 

^U^tAI ^JrJ-' 


i j\£+ s jl^j a . * ■ 

JjLSjJI 

j*#'* 


' .+ * t 

«w 














YU 




(^/i*^> 

^j*- 1 

<J^*./*^ )(,_.) t.T 

4djljJI jJL£ 


( jiJ/jAt ) U j.^. 1 

4j^a 1^ jUhjjL >ul J J-JU- 

^V 

NQ*-N 

jJLjkJxJ! lIjLs jl'- 

a, ■ 

NTI 

,.K Uj*Sl 1 

a, ■ 

Al 

fj*»An 


O 

A* 

&U? 1 


O 

B* 

f j*W 


'.Vo 

B 

Ojj^l 


v.o 

CJ 

**■*» 


(+> * s e 

Ct XopijMI 


*,1 

a 

fJU« 


' ,+ 0 

o* 

Cjly«l 


*.* 

Ofl 




F 

-kjLjUS 1 

y-S3l^ 

*,+ 

Fl 

jwJ-i 

O 

Ft 



t.o 

U 

C^Jil 


*.r 

Mn 



*,* -1 

Hi 

A*)B 



M® 

fJta^W./ 1 


vt 

NI 

js*si 


v*t 

St 

FJ*wV^ 


o 

V 

*»*» 


t- 

7ji 

•it/ 



..rV^ 1 ■ ^-4 jiV HOD* TS5^ JJ-ll(l-l) 

_>J/**JU 1 ^ ^ BOD* ISS & j£J J^nil (t-* ) 


J—U-^J 1 *> r r J ^ I^S -V^ 1 ' ^ i^ l+fll-Wfti-V j&- ^j! pL- j &y {W‘) 

>yj^£- LJ Uij (ti l 3> O" j 1 > ylU ^ < j£l jj* T p T ^ ^jljjJI JjJjiJl ^L^l MPN J*>l 

^U_iJl l,; i—— y > *==*■ gff J ' - - j£) T r L-^ jS ^ L {J*^ 

.ji#k^ ^ jj£j\ fUnth** UU- ji «,t ^ <+) 










14-UI V->U 

5^—0 4_dl tjLwl'j _*■ jtjJ.1 JlJ'iJI Lj <■ laIi JUb 

(_f-LJlj—A 4 ^^Ul 1 L^ 4 ^k >' 1 — a ^ J* 1 *—' 

4_Jj\ 4_J=Uil iSLi n ij j]\ aL^* 

L.1 * Jjj. e u; CjU (l^^U iJLUHj UilU jljJl 3J1J1) 

ju*^i o^j (i-i-uii ^ 4-idi iijj. i uijj) 5-ji^n M- 1 ^ j 
^_- nljjjL ^_^1>J| 4_ll jp A-Ull *«Jl>- Jl.j i JL-«4rf 

J-Lc^v^ 3 JL>-^ ^J r JdJla (JUjCL^V^ Cjli (^-jSjcJI £_* j 
dU j Jj uL u . "—, ■Vu 4_j£LJl iL^il Ldlj l}j_£j V ol aJwO-£~ 

aLJU 4«crjjj *_A-Ull j—* a'lJII *X-a J'uj^ii 1 jJw£ L-OSl 

V Lha L^ J Jj_* \Sj —^ j ^L-aj&j 

,X-Ajj^ *1 'JlJU 

i_*J^L-1 ^£1 (Impurities) .^U- Oj-^1 ii) ijji* *LJ.l 0 j* 

*-JL^ (i-IUJi i>i^3j1 ^Ja^) iJjJ oLwrJ^j OUJa^-a j^WL Ujj 

J-* UdJ o L ^J lo aUU <>■ _^j r(V, \ ^ JjjJLi) 

j^jL^j ,4 1V>j t J_jJL i- JJU i eLJLl eJLfc ■=Uu±- j^j ^b ^_'ijl l i 

, i l.. J LhSlA* l * ^y ■Lilf *Ju> J*& ,jCjJ1 ^j£r jlh^ajiJL! 

oL^->-jJU JUiJj S ^lijl Jwi^ljj ^P" * 4 — 

^AjjJ 1 ! J^J-1 oLjISJ^ Sy ijlijJJ J w^ l Uu'l jij^l 'L^i^ + ii-Ul eUll JLgjdwML 

■ Ud! m Ulj- _-0 ^ 





r* * 

J ^ ^4 ^II /X\ (V, ^ V) 

s-Ul J1 Vj 

* <*vol oliii£ s SJU-^V^ s i oUkJJ i j£*Jl O^Lki 

4,.,.. % .._ a oLJl jl jt js ,j4-S"ij3J iJjill >1 

Jij ■* ^! w^jjJ k^ta^Ull jLjj-V l tJ JUi t^uJm-n ^1 1 j!j-k i 

4j"Lfr^ -Ojd 1 ! ^£jJl 

: ^1j U y& ioUl *UU ii-Uw 4«UJlj 4-»«i^dl 

ikj*il LJUlflt (V P \ 3 V^> 

lIJUJLSj- jl j-lU* jj^LjCuJU o-jlJU uf k | iij-*Vl JJSej j£ 

l ! i . J . J x-i I 1 ! ■ ■ ■ ' Jjj^ ■ J * I ^|p*3l I *-■■ J L;.-,-* ,^J—Jjk i ^ ■ q ■■ *1 ^ 

x±Jy£ ^ hw ^-LaI 1 * *Li1 ^f-y ^_*J^ jfjLw ■(V, ^ l| i JjjbLl) 

oLk-^ J-Lfi^ -U_^? ^ C4 w- j! (V, ’'i ^ ) JjjJU y_—s jiUL 1 ! iJL* ,*lJii<U- l i 
^ L . v T- C- 'J'j jhwU^ 

.jAJL W j£Ja^Y,Y 
iLitfi ^bJl (V,1 ,V,T) 

4 ^jlj C-i ,^l]l OdL* ,j: JJ j^tljJ\ iJL* 

■?*L* | j4_S"lj^J -Aj& O^Li-^ ( jkAJ ,oUJIj ij\j^-lj MU** 

o\ j-J-* 1 uLw^j^L SjLk o'ljpJiij OJL^ i oLiXJl lJ 

&JL£ ^Jl J l Ly _* ■ ^ ljJ 1 ! iJL* S jIj j \JJ .T^JjiljJj 

Jf,^aJ ^1 S ^3 ^ cJjJl 



0 ^!j 


TO 

fijJhUJI (V, ^ ^ ) JjJjM JJJ ij 11 gT .,1 \ 

*UU ,j 

I* 1 

*3^4^—»W* j ^ J. > » L . ■« ‘ I i o jj S 

1^5^— ■h_^‘ l Jt Lj> U ‘•~ ? J I Jw 4 *CJ-I ■ -,rt ^ ^ % J| I £ ^'.Jl !■ ‘‘‘vjfc- I k- 

fljljJLfr ^Jj^~ L|J U h li ,fT~" ^SJLcJlI UIjJ |JlS LlJjJj 4jL^1 J jjuUi- 1 - iJj_Li 

« 4 J«^' , ^l {j* j»-■'■ I i a . . .I If 

s*.un iyu-Sii j**t*ii (V f >,v,r) 

,j-fl Jjv pl^n (J h ^r_*^ Jl>- I i-Jl j-ijl <J j_xjffbjJl jjjjj 0} 

A.j-U-1 Ucj ^1 1WI1 c> ^ * ■■ V*i (_P^i ^ 4 jJL?j Ji 

1^, XS J 1 ^JC 1^. ^JLJl jr*J ^ ■' J ■■ ^ * II M H 

J-**2 £J^Jl (_^ *Li1 aJU JJ^- ^ 4r V l-i) -iJjjL-l i-^U- iuJl 

.iuJI iU- iijyji , Xv4awJ1 

j^jljT-j j-%*.....wJ l j, 4^ljJiji j.-^UaJ'i jUu ‘■ij^r 

^_^J/^j^JU ^ 1 "0 L}^i!l 5jLUi1 U>- j* Jut? .^JjJU *L* ,3 Ow 

H- 

i—J ^ 1 ^ - n * * ■ *1 Lj 1 ■-J | — 1 j 

j^rt JjLjJ S_JLf“ jj .'L-J_^i-i eL_Jt^ J ejjJa^ wL-# Lj? (NO]-N) 

L^-J’jl O-' ^ l ^J J j"^ 1 11 1 ti jr m ^\ I it- \j_j J^LiSf' JA 

j!j <■ * ■ »* , > jj-i* ^01 \J^£" 

V ij-jJi 3^b 1 ^L-^jS" t ^j j F ..«.%t—h _> 

0] Jj lift ifl_j_j .i^j_^-i-i sLAl J] y ^3La£-^ J] *ULl ^-^jjJI &wLft Wj^vjj 

# 

.LJU |^j-jijlJ , | j .rtlt- iJ-Ui IjJ iiJuJl j lI'I a_* ii-ljil aLLl JoJL^ 





r*Y 

J Ha* J Ijj ! 4 LJ J Lwkj 'l LA* I JlJu J 1 V - - ' n tmJ ^ J Jr W 

^ ■ ._^l. !'l A -bA . O j^hLLVj * V * “ ^ * y£»* r 1 * *lji ^ A “ T- y£U* J jV » l ■■l l.l \ 

4_^jUJi c-LJLI ^h^-M J AaJ ^jr^-Vl j-^sUaJ 1 ! oLJ^ ^jJU. ■!jjia>- 

e*L*1j j>ll\ 'hLS LaS* ,(V h ^ \ oLjJl |U^vj ^Jfl 

ijjjj^J 1 ! L^Hfc.j- l i j ^■*■1.11 c^b ojUjjV' 1 Lf 

-Uj^l£)lj VA (SAR) b 

jL*X>-! iJ-LA-l *J_A jj i O^IaLaa k^JLkXl ^L^aJUU \ * 

bj-*^ UlJL^j db^-Jl J^- ^v 11 ' y^ 1 V* 1 ^ 1 

.r-^fbW* T o-^ J ^kjJ' ]i b **>^b 

uJb^^ (>* J-£ * ^ ! —^ >^b J^J'j V—b^b o^b oLi 

jb%*^l j .^ * ■ ■ * L> - ji.-pi 'L ■ liAi l ^* 1 *■ .-I ALl *j 

. L^Jl> jps^aJ ji 4jjJl 4^Jj^JL>-j i^taorbU 

■* 

'^Jjj'uij Jy .JJLaj U 4jjJ' jJj j LtrLdJj! h_ ■ _ m Jl 5 ,ijpJ'wsJ'l j ,^'fv 5 j Ljj 

SjI^j l .^.—t tuc^j hji. ," -- ^v -’jJi ij: 3 jj^>-jJl, 1 . r ^K [ , i >1_^U oV 

^ l i_ij1 JwLt ( j*kwLl ij^ 0 ^j^* 1 ‘^■ ^■'■■■■‘■—^ ^JL^Lwl .ijJ ! i—^JLI 

^Lo^mJIji ^ j(_j ljl^J' 4jj).,rt Ji j*II jJL 1 . iiLysL AjjliB ^j ^ 

iJ^Uii «l,U« jup JU«li v5" (V^) 

^»Lhi1 b'wi.L ^ ^jji Jner i jL^—J 1 ! j^jJdj . j^I-jJI jl^ ■ .ril 



0 ^!j 


r*r 

j_SLc ^JUi l ijjJJ tiUa_Ll jj-l^ >>-*-£ 

:iJUl<JjUll r lJL^i 

|^ 0 L* X = \JliJl JiljJLs 

^j->- i 1 ^-il \i L* . c-I—JlI 4JL£- .^J^- j,™^ j^aJjJ I 4***J j I jpi JLaJ 

.jb£^f ^ * * * * i o 

jtlSLfc/ £**=^ix£» = ^jJI jjJl jlJuL* 

Jlil aJLjJ J_>-^ 

ijj ■rr,^! Olj <0i * frUL L—J lil V UI 

Jj-t£ <Oj j -jL^a/^£T o• JjIjJ OcrT'JLr^ 1 ilr 4 j* 

t ly*£i1 j-lii iJc&jt/ X {\ * •»♦ 

4ji L* 0 j^>) ^ * * * ^jj ljS* jla J? Oj ■£--* • 

^ J </' ' ^ *'“ 4 * L**Jj^' J* C5^ <£j& 

.( 1 * * ' X V * t * ) L^Jj^ l ♦ 

S-r*S OLi \ *) (ws«5 \ * * * * i£jL>J 1jJ_ 5U iUU k~*$ c4 si*-y>- • 

“ £ * * lAjlJi* SaUj illiA i +~*£ i ,, = \*Xt* fjl ja il 

♦£fv>- j^> .jI^Xa/{**?£\ d * = T fl ♦ 

j U L Lv . V Jijli (V,f) 

♦{Ci^A^Jl ■ L jAj 

IjJJL^ J»*AJ jj -Jo^ t£J-U j JL>- _^lj> l*J a 1jU iJL* 

L y .' i \j&A>j A fr U« .> ,jl ^ ij %-aI jJLl { Jis~ 

JL^ ^J\ ur*jl wjOI oLJ^U .oUIOjJI ^ JL-J^ 

♦{decomposition) JJUdl Z*Uc- uj^>~ 





r*t 

(V,r>') 

ij^SL" Jj ( Jjt KJL ^JLbIaII & uu jf ji ijj ^ 1 i olwuAl & iJ^ljJI ^jjIS*) 

*UUi iuJJ mL 

«Juu iijii <v,r,Y> 

O^ J) i i£j^ i jl-UJ J) L_fe>_p>Ji -XJ 

cjLfcji -U-J> JLi- mUJl 3 JLaJ 1 jll_^Uj k^UVlj U^£J!j 

ij I^JIaji^J J-J «LJ.1 7^-i y UJ .ltJfcJ^ ^jJlj oljiJl ji ^Jwdi oUili^Jl 

t jJi ( JjU jJL>- Jj w^'Jkl j*UiJ l jlj>-1 i ^i<rW Uv5" - 

J f^ji Jl ^Ull »UL ^ £* ^^JauJI lj 

..Jjjjl | ^yc-Jpjii ^jJi jl JauA^JL ^_^J1 lJU&j l £j!jil 

tfj' f** ^ (V,i) 

i ^J\ *1j-^-btS *LJ^ *jl* wJkxi 1 l—^U il ,_§^Uaj jL^k 

»1»Ll of l--^j t jjjMjJ-1 ^jUj^ lJIaaU L|Xvwb^h» 4^-jUj 

“ * 

Jjj ^>Ji**J! ouji ^jjl Vii* ,*UhJ i-L-jJj ^jyJI ,j^jJ-L- 

* 

£j£Jj i JaJLdb j ;jJi <A? LikUl^ oLli ^IJkX^I J L>u*? 

,^-Jlpj ,jlJU^Vl oLikdl^ C^’yL_^sjXi1 w>j_^jj *_*JL5cJl ^-‘i ijjl j; 

- 1 j 1 _jwowJ^ Ojj— K, -J *^aj ^ i^T ■ a ■ 1 *i 

•^k^' v>^ 

-jljL_ iLij ^-Jj- j_»Vl j--** ijl ^ ^jJU jj_5l i_! l>- 

A 

i Jk'IJlJ-1 l) J-*^ Jhr^'^J* 

(La j*—* ^-IaI 1 ! aLJLL idik Ar-Jui- «L ,*-* aULI e-jljb Jdlk ^AJ 1 



j\ oIjU£J 1) jj 4 Jh j}j£*J>A\ ^Ujll jSy 

.(iLZjl j^sLJ^ i^li-) 

J (V,*) 

l JlJ.' j Jwu ii-im aLjlj *JjJl il^i4l**i I 

^ OLaJ 1 JL^Ijj vLJI „U Jl *^]\ 4^P-Jh aJL& j, 

j oUj^^VL; Vl i-xjU, .JUj jvUJi tjj-^ ^ ijjij^ji 

jl jjLaJI oLfrl J ^JLLjj tJ-jH^aJl JiL^ ^Uai jLUjL* 

Jl J^yllJI^USl J^JL^^JUij ^UTi/t/njaT)^^ 
Jl S Ojr^J 1 ! * w> jMjji H^_iJL^^- ^0 jaUcJJ ^SjJL* O-L^Uh^o 

j—ll ^A-Ull <-b jAJl <-^41 ob y . ■ —* 

j-^ljp^Vij t J^I 4>Lil i-; JJwj « J-*UM JSUJ-I (5 j j 

ye- i^U 1 ! dJivJj 1 ! jUS^ 4^1*^ ^ *J»t£ dJJi Jf 

j&JlUj i 4^1*11 4-1_lk1 j |J^>- ^y* i |Jt^1 J ^jJsXJ 1 ! 

Jr^-t' J Jl 1 1 , '/?_L I •Jw»’ I Lftj ^ 4-^- L-H-^ I flUll ^2^ 4 i - L ^3F r ,w j3 , 1 ^ ^ 

XV, \ 1} lS^*^" 1 ! J 4^-ipjll 4 ^LiJ 1 *LU3 a^JwUx] 1 ! 

i^uji «ai (V^) 

j Jaui*-!jJl aL* iJkt Vfil* ^->b*Jl aUU l 3^ij 

^■ U ^^1 ^ ^J ..*1 U .L.I dU^ dLl^ 

»U1 L**£ i^J OjJJj .(Ludwig,2000, 2007} /A*-0 » ^ Jlc 

,j aUU ^ 0 * Vi —00) jjA>- 3 Lj yJ*i j 4 ^jUJ^ 

L-iJlSv y* Jil wLi \£$ ,(_a \ i Y ^ i*{?j r ^}\ j aLU ajljj) jLL 1 ! 





ro 


l ,p 1 V "l e’uJJ ^Ad uU 'wW 5 *i j^" _* J3ji oJLl* ‘ijj ■^~ i - ^l 1 - 

IjjM J J j ,rt*H j-'l^il fl_™5 u-Lt- ,j£jmj£- L^jI Jt 

*i- Lw cj Ua^- LJ l {_* \ t Y ^ ) * Lj^£J1 j sLil Sj Ijj ojljj 'i jl£J j. 

&LS.1 JjLtl jJl ^l L t (V, \ Y J_*JbL0 Sjj^jJl j»LiJi 

jJjJ <it C~*- (V. > J£JJ[) J»>J* j^tu* ^ J 2g*U^ 

aUil »\JLmI_>iI JjLc. 1 O-JC l o\ "j* /&' ^Jl^>- 
.SJjdl !_5 jj j o>UUJ-\ j ^ <jjL» jji 

. J*iUjil «U' Ur^w o'Juf j* UUi *Uii o'jLtfi v. .(V, Y Y) J_j^ 


.(^m ^yjj) 


(yS/l^^U ) u £j*^l JjJ^ 

j^ 1 


:V-WI j*l>l :Vjf 

gu 

JljU 

1 

\ * 

1 X 11 ulUft ^i >j 

T 

A,i — ^ 

pH ^ jjr-iu*! *i^i ) 1^-jJ 

r 

1,^ :g« 

1 * 

(BOD:) ujfc-rtJ if jrr$& .JMl 


fl + 

{COD) Ui4i 


t* 

(TOC) u£H ^.lijh^ 




ID 

SijU^ii ^LTil :!l]iJ 

1 * 

(NOs-N)^!^ 


4 

(HN,-N)V^I 

Y 

*,*- 'it 

/4< /M 

r 



















t^Li A ** I | 


r*v 



.jjkJl jpW J j iiiUjJi (ill jtjJ* ,(V, 1) 

.(*itn h'jj ) 


i^jjl J idUjJl «dt (V, %, \) 

l - - f; j&Jj * Ai^Jl oljljj j l>* '*)f 1 <S_^ <***iliu *UL1 l)I 

jUi-i ^ j\ (^uji i \j jj±\j ^j-i ji.) a£ js>- jUtU 

,-hJhfr U-S* ^(ItLSaJ®! Jfl*) LgJji Jl£r 4jjU jJl aLU ijl 

■_£ dUJ^ X^ jJUJIJ £bd! Ji.) J$Vl j ^1 Ujjjt otfUl ^jJ 

<Ju^i1 k^ljUJl L^IJaX^L ^jajj <oU>jJ*l >*!&• 

i I t\A\ jJwvinB ,jj 4 ■ It 0_^^J Cjf 

Sr^feJJl Jl Jj^U- 1 ! Oj^-J i _^^ r ^Uaj ^'^J' 

b*££ jJai JJL £)T i iOdU ^ j}\ JU- Jj 

LUaJI jljll oI>*xaH i ^-L*^ ^jpp- pull 

4jjU^Ji jLll pljk^LL*^ ^ lil ^jt-1 ^ sUil ij 

A^p ,J!jJ I^JU-aX^ 1 ! jfcJLt s ^LLm 






r* a 

OJlf lil Vj i 4jOUJ^fcAl*.d ^wLt ^juuJrJ^J OJJjl^ V*l 

Cj-WI jrtJ^'lj JUiVl JjU^o /jP a-Ujuj -Ui* jJU^ oUlfr ^Jyt J^rnjJI 

wUJlsS" r^Jiwu fU* J!A>- ,J^| <_£j V IjhJ jl i iJjpd*! 

JiL»jCL«r1 ^ dLlh t£j^ 

^■J^\ ^ j*Il jr^ ix^J ^Ja*^ a-LU 

* *JjJ,l oUljHji’^ji 

j 4L^l3-j ^dLdl JjO J AjjLa^JI jUd ^IjdkX^I J £^j£f1 ^ dJ*3_j 
ULp-^l j (Ludwig, 2007) ^Jhj^nVl eiA^dl oLVjJL Ljj 

^yi .(t * *T i i^J 1 ! oLJ^i j£j^) Jj (Jeppesen, 1996; Patterson, 2000) 

^Jid ^v^bd ^UJl oU-jIjJ ■w^S-t ^Jl ifnuijjJl 

dj%Jj L™j Jo^laJi *j.>I^J 1 sLll ^IJL>»JLd 4JL£^1 gjbxJi ^ ^ Y 

i-uLjLjji <J-Ia^ 

dJJjj 1 oLiUdJ LjJi w?ji Ji^j LjjjJ 1 . A'**!, 1 * jpf jT Jw? ■j'j>- *1 J^tLu L ^r i.rt.lj 

rr 

<*djjjl laS" oUadJJ oU*d jlJkwl jl ^Jau^j ^Jp *U1 ^4r^x) L 

4J1 i^ljjJl U^ UjLlJI ^d. dljjj *JuT J*Ud! 1^3 ^iaj JjLV jL 

fljjLij fU& ,a I J^p-eJLl* ij ^jJl _LP nJl c> JoJLdL ^jjl ^Uaj ^IwL^wd J-iJii; 

j: V) o UL>J ^ (j 5i l Lxj* j-i 

.(Ludwig, 2007) L*** jdJLS V ^flj ojJJ <u*i' 3^^ 

j^LUIji 1 ^aL* ol ( Ludwig, 2007 ) jl 

^Sl luLJL J\j±A J) lS*¥ ^4i .Jr^bdb d^wflJI OjjUh^^ 

^J1 jl I*jfi 0^Ldh *La ol Ivf Lgj 





iL* y* 1 jj^ J^i O^jU-S^ j\ oljpkjJ.! j\ 

^J1 ys JUsi^ ilSL- oli!i> .^JU o jZ>~ 1 ^Jl ol US oliL ^pJU 

yi Sj^S oL*S ^JU- V JJJij £ oUJidl ju^U^ Lf i^ i_sj^ 

j-iUfl U«dj '^jSJ j jj-Awv jjdl oLSj^a i^j'i jp-^'i U±j) jSi US ^ ji_^ h| j ^ i 1 - 

.oLdJ 

(Patterson, 2000, Alwabek 2006) t^ U-jj-lH US 

l^grU* I ^ * h 0 OLiSj ^ l <taJ L J - rtL'. l . I \J}*^ I ri't* 1 ,jiLAj ji 

US .^Ljll 4-^ibU ( NP ) jyl^jJJl i jA .^Jlj- o\ yjiJJ y* 

^frjuU jjU^J J-Jt Jv® JpSjd^ i ju Ju ii L J t £r- Kj^jj^'l jj HjLJ 1 ! h^-LoJa^i 1 ij l Uzj'l U>' l -J 1 ' 

^Sa Jlj j £ Lk^i oUwli $ JLa ^ykc. ( NP ) jyUjiJ*i y* jl>- ufi SjLiV 1 ! y# 

^ ^ ^L wwj* 8 ^JSj ^ V" l .^.L <w^s * j' 1 'i/7 ■ ^ ^ ■ *1S i^) \ l -iii^ 

ply*- T \ $ £_L JkJ pyJ j^h± 3J l OI Uicfr 1 £-> j I US *-U yJ \ G * jJLx Lju yj \ 

Jlij .O^UyjJl y* frlil ^ kSUaj 4-JUflJl oUlali, 1 plyl yiAi J jJLk*£r JSJ 

t_ *aU* 3 jyUpyiJlj OUs^ 0 jUJ^ 0^ 

■ n. ^ al 1 - fc' T ■ ‘A 1 1 ^ 1 *1 | 1 U I I 0 'vX® U“ij 

^LwMM^ ^iSnii^ ,jl* Ifc, JLJ^ O Sr* I wLS"J 4jJ j I ■ 1 j r %H^ W«aS 

aLll ^ ^j_jIj jj^*1 U1I UuIj.j ^jj , 5jyJJ ^jja_rLl +1 jJ-1 2j L^r L ^-jj \ 

J>jJb»- OiU? J Uj^JgJIj jJU yjl J i^ilUJl J>4 aa Lf ifr JvoUjJ 1 ! 

y* ^uUj^l iyJJ ^iUJ^ Jjl^ Jj 
1 * a* 



-J J' 


rw 

3jJU jll flLLi pliKul J l^ljJl crifaLw^ 

flU.1 J jL> j^fr j|^* ^ iJU-^ ^ h : j-1 JLi-i ”1 

i3 *bjJ1 i£jp& ^Jk 4jL*iV*! J JffLi^-1 ^"^Af 

, ioUijjl aUJ ^_wUL ^Ju^^lk jjUiilk 

^1 jm» JiU #Ul1 jjL^* ^ ■^j-* ” Y 

-Cj^j^Jk j i^jlijij^l j O^ULfcjJl J hL j^U 1 ! W ihUHk 

oVLJjk iJ lilt JJto i^Ji^il jlj^o ,_^yu \£jz£ -U -T 

■?jjti l_^ 1JJ + ibjUijiJl dLLL’ Lfej ^Jl oULJL j^JaJk ^j^*Jj Jw jIj^ 

. jP'V 1 ! j ^j^j-1 .jru A tfj. U - gLjC ^ULJk 

IkJ (V t V) 

*4jJ JA_tJ I 4 ^JUj.I jJ gLj. 1 Q Li IjJn.I^I TiJfi jl ' 1 ^ 

|_ 't % s- J ^ ■■ ■ .'*"' J'l«.it■■■ ! . '• 0 ijjC^y 1 ] j* Lii^* i^l k ^ |. ■J'TIkJ ■ Y 

*o—*L* y^p Jj ^pijU &L^ 

(_5jJl *L* ^IJl^uj!* ju^ Job^U>-^fl <^aS :T^ 

sy-uik 

^upJUlI jk ^jJk ,rt'. ■■! ^ ajLLaIi dLIt y J> . 

S 1 k 1 k ^ i»*Ji k g Ljl Ij *LO 1 j *LJtl J ^ 

j-fr L|JLA^rj ol^kj^iJU u_j j*iJl gL* j Jlsw^j 0^ {Jr ^ ^aL* ' 

S^jVk jJV^SU y^U 



sr'jii (v,a> 


,-La£jzJIj j^Af ZjLU * ' A J ^ J ^\ k_jj -Up * i^1 j+jkl\ 

j>jpw- iliill 4 a^U>- — ^Lkl^ji ^oJaJI 

, 'i 

. + fwmAl f t_—^ r Lhv^ . * ^ ^ * 1 £ ^MriJ LjJL tj ^M_r' —L—^ ^ J+^trL 1 ^ J l^A^-Vo- l 4 ' ' | ^ 

3 r 

j ^ ,y / j?j>;J^ iJuJf * un * j aU,i ijjj 

<£-LjJl 1“ .j^Lyi jc «ui£-^y/ ^ 

, J jA*J’l 

^wt// jL* f*UiJ ixMJf i*%OVf A \ i TV i j *LU £jljj 

'CsJLawU —iiU/ 

kJjl*il frL^JLi '^y/ JjjjL^ ^ .pY * *V ,^3-J^>- £^*-w*0 

■ 3 aO Ji J 5^-USU*?J l b 

^OJ UU1 ^£11 > ^y>f/.y/ +r Y^r, juJIju^ju* ,J_U 

, ^J-J 1 j^A* ijVdU I| t J^jijxil J 

4j is^ ^/b-^L^J ^J? &LJ[i s* bOUpJ ^ . J lnvb Jl ■—-J Uv l J| 

■ J^gcll jjjiljjl ^_l V/ J /y- 1 tfM /t" 

iUar^ £JHjl' :L^ 
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<^3 


dLJl jLu£ 

++ — mm 


(A, 1) 

|_^JJl ^Aj ^ji^jVl SL^l ,^1 —mh *U^ 

luUswLjJ^ 5ytLSs *LU lL> j-bi i j^jVl ^ v'* %v ^V■ 

j^S'lj-jJl j djVj-H JJU klj-JLtf- ^juJall oti?LijJ | i isLrffVL eoJjdi 

aL**i flLil i£-J_^bJ Am *ji ij I-jjJtil J ,J^1 Jhjj 1 ! J ^frU^dJi jjLdU X 

^k^ajl O^aJl *L* WiSJU jiLuV 1 ! jLgiVl .jkw 

^p-U 4 /jj]' ijrfJlj LpIujJIj iJjdl oUUfcJIj U-Lii jt ii-UU 


jJ^LLh ^ hm j j ; ., rt U j^Jb 


-Ijj *-JjjL 1 flLAl j^.,^ * i_j 


J Lr 


l 3 jptflj^iSllj oLjjJl JbJjJ 1 ! ij Jjlu«li eLil LirJjJj ^jJUJ 1 ! 


* 1 *JJ jJ ^ S_^ = ->-'bfi C-" ^.J i j|J - *_-£■ lj^J lJ i ^j l J}\ *Jj joJl*JI| 

'utjJ 1 j Cj LIjil l jj^i JjJjJJ oU Lj iJj- Li Lj? pJ UJ ^ I 3 ^jiil J I 

^jJLt- cL*l' ^JL*ijJ ^jJy>*li J! j^aJ'l lZJj-^ sjJJ J<-' + <JLw ! I ^aJsj^/ 1 ^J-k- 

jT^SUL^^I ■j-'jiljjSl] *i ^4 _LsiJJ ki-j^li)ii jjUw -bJ^j oLjjjH 1 ! 


fl^lil 1 _J}iJL^LA l_- J jJ-iL' ^|,' -1 - 



'nijU J «>n- 


rw 

: ^Lil 5J^C Jj *\A\ Ju*1 ys~ ^ ■■■ 

lMj* * 

■VW^ f 

- d M i1 $ \ yL ■ Jj P - fl JlJ j M I M ^ ■^^LiJL.^ H_ 

A^il^S Jl jJ* *UL1 Ol-UC- Jf—JU^ J >Jii<^Wj 

_}L^ j (Flame photo-meter) k^^UL ^LJJI l|L *j ^ yJ\ dJJ JJ La^l^ 

(SpettrophotomctcrJ^jjLk-l Sjf*4j (Atomic Absorption) ^JLfl 

(Specific Ion -^Li* 

( Gas Chromatograph mass Spectrometer) ^jUJ 1 ! _yUj ^£JI Electrode) 

<Pjw j,* jJ* *(j^-J <]li pJ^p-V 1 ! <J ^ixjL j^JaJI l li T J 

*U1 Jl* 1*^1 yfJI t UU iljj 

-iJLjJ ^ 

H- -P H nF 

“IT 

( j4juj AifeJiKu^il SJL4-£Jl oLjrlh^ll (AjT) 

* ji ljj^> ^3j-* : . r ^-- ^ <i>*-N * 

'2-^-j ' * J->U? 

3 LyiSl j-i * ; 5.>L*. U l>_Jj_H * 

. z±\l\ 



iljll 


no 

iwLc- jii jr^j^-UjJI O^ji JJ-f' : jiLbiJi * 

ejL*Ij j_^U*JJ <jj.JJi jA x ^l£i1 * 

.3jILi iL _ s JL 1 j^i>J (j-Lt* 

.Standard Solution ySj^\ ^jJbw JjA^ j-^ : ^*^La 51 Jjlil ” \ 

iSj^A ^AJI JjJLJs 1 ! j* .Normal Solution : jt Jjiil -T 

* 

s^lLl ^#15 vL 1 o* jsi)l 

<JJi jiUl i$y& JjJjil j_fcj ( Molar Solution } : —T 

* 

\j*** Cr* J* 

o Vj_* jXt ijju J_;L* jjtj Mole Fraction : ^yjJLI ^£31 -1 

r ^jU^5^n JiT jJ^P JJ JjJL^I o'j 

H 

l,i j|3^j Li U Ju n [ j, On j, n 3 p_j ^ .1 Jut t^lu lIj lJ ^-jj^-1 ^JL* 

(X|) J j^i\ OjSUAl ^Ijll ^**£1)1 

(A,\). .. X t =^ 

n, 

n t =n [ + n 2 + ra 3 

JLLill Sj-LS. 1 ^i oV jJl! j JLt SjLt : ( Molality ) — £■ 

*Jb£j (n 2 ) y^JL*U O VjJlI jXt C?l£ lip 5—j-Ul ijLil ^ \ * 1 * ,j Oj^ 

(Wl) 'w^Al 1 ! 

(A, Y).< Molality - — 

w i 




(3 J*j {f J* oV ijyr 


nn 

. w« x(ji^-^\£IljjfjsJI) = J > OU-‘l 
yJ/^&JJu) = yj / J >A Ji. -\* 

(A,T) 

V-W <5>Jl <A f r,^> 

rjjjl j U^ljjtl OL^l J>- .J^ t ) J-S"{f 

({jsJJL ) * (^s*- «—jlJkil ujj)) = ppt ( k«JJ 1 / *j>- ) —) 

p-»-) "=" (|*=r^U yUlt Ojj)) = 

((jJJU Ojj)) “ ppm. — T 

({jJJIL *->*>*) ■=■ v^* 1 ^-ij 1 ^ = 

((jJJL J^ b Jj)) = ppb 

({jlLlUi Jjl.il Jpi^ ) * (^IjrT Ojj)) = 

ijjd 1 ! iwJ!1 (k-J 

\ * ■ j w^1%LLl oL-l j>- jA-t- { *J_jj / <Jj.j ) 4-^jijJI iijill — ^ 

V*^'*>* 

( ^ * 1 x ( ) "^ ( UjJ )) = ^ ^ jj ) 

k_^jli1 1 1 1 j j^JUriiL L_jl ji 1 ! jytv : 4*4'>«i4 4jjdll <™J ,l i — T 

( 1 M ^ (j ^l.Ji. J ■^-jJl l l “ (j ^l.JJ. J ^Ull = y* 

S^jJhLJ jiLi-U \ * * |^| («j( jli ^j£r t JJjjjjl 4j ~~T 

( y 1 * ^ (jiUXa t_-jjJL^ **»*>*) “ C>jij)) “ y / ^Jjj) 



nv 


■ UXi VvJ- 


jjUi (A,r ( Y> 

y 

Cr* l _^ & i_J^^Jk1 ^j-.».< oL*Jj 

bj?} J *ji * *‘<£'j , r ( ^ * * 1,• Y ) obj^U 

({ w-S'j-fcU l>J jJI ) * ( kv<£jU )) = oVjH 

(( j*X> ojjil) 4 (Ojj )) = c^V^» ^lll 

aJ^Lw j U5 SjU 15 ^il&l Oj^l j*- ; CijjJl - Y 

.JiL*£}\ 

J^U.1 > d js£ ^Jlj oAi^jJl jJU. * 

* £r,J 

« A [ cf&t ojjJi) + (ojjJi»= saisai oujVi ^ 

(( ) T { f*^vL* )) ” 4£>^iC*JJU C)ljjS/1 

"J&j 

oLi^ji ^) 7 ( )) ~ i^luJlj Vij j ^i&Ll o jj)\ 

((Sl^UxU oUjJ ji 

+ (y^Ll OJjJI )> = JljiWlt J ij_£"^1 o^ur j ^SlSU.1 ^jjJl • 

(( SjuSSII (*ij j ) 

"HyLc-I_iJljli w^ - jj ^Ji O^^Liy 3 ^,jlj£il JjijJli * 

({ ^ jiijl ) T ( Oj_^Jl )) = 

Jt-H j/jJl (A,i) 

C~)£ 'iU tLLl ^ L#W Lli ^U: ^J1 j Ju^l djii 

-^j jSJA J-*' 1 - 4 Ji <£ A M ^ l £j* <j^'J ; 





n a 

jl ilL^A O 1 Ja^^u- 'ULili ULf ^Lu Jjiil 0 1 ! /jp* 

i^K^ 1 j$j> J^J' £a)o~** *W U» jaj y* \ * ♦ j» Ji! 

* 

Os^IaI 

:<_»uyo 

(A,T).ai = fi {1} 

. JUiJ) jjSjsJl = ai 
, UUiJl J.U. = fi 

•I^^>'j^'={i} 

oUJjj^J^U iiiijj 4jp_j^2>Ji ^ ji5I fi 


y.>l*!U aJIaaJI J^Ut* Lw^j 

(A, t).-log/i =0.5Z/ 2 ifjj 

(*>*) . tt = \l,\}]Zi 2 


H = p 

* AJ>wj — Zi 

i^n^\ i^LwM A* lilplj^ otbLs-^ (A,*) 

^iJUk^L OjS*i uLla^Jlj LiJai Lwb iLi£ l^>1 jjV^ £^>- ” ^ 

■oL h£> L> J ?j ■ii~i j »^._ji l^ 1 rt *1 ~^~_j‘ *■ I ijj| ■•'■ ^J^jfr- 

J\ pr-^jr 11 oUjj^ ^ JJiJi 





iljll 


TM 

j * J'■ 1-V J^u Is^JjL* •uiaf- 1 jLaj ”T 

-i^u 

* 

J[-J “IT 

e^lj_3 'S^-'O JljV { Burette ) *Lp-btaJ-1 — i 

J^J Jk>-Um_*ijl Jl—^ JjL-jl --- ^_ - J^jlj Jjr 

^ j^H 0iJ“^ -Ju^ i^bwJl J , _^" Jj-J JjX^U 

J^aJ lj! v^ ^plxJ ^Jl iUJl Jf£j £f* ^oJdl J& ji>- 

■*jM' 3jj-> Ji 

fc^Um-waJl JUW ta!l VtaO 3 ^J^w-JU ”* 

-Liy J^-b jJv i*Uu ^JA ^>- flj-iL* 

L*£ <> L*iw (jjJl Jjlil JJ ( Pipette ) w?ll! -1 

^ ■■ * 1 1U i j p ^Jj L$j ^JLiLk Ji^Jld^ JljjJJ ^_^L11 J|-i-b ^uiLil ^JLt- L__rj^; 

+ 0 ^ jlwtrL 

J ur^J 3jbp j *ji^l i£j4 _V 

r JjJ j J*4_=J \ (3 *J L» 1* LL T — ^ u JJdJ-l — A 

■*i 

. >ali frtlu ^jl^- 3 **^ — ^ 

Jd—^ jj* 5 jj 3y ^ji _ ' * 

.JJjJI jJ& UJLc- <jJI JjUJI ik2j •_,!& 

JwJ^Ji L ^Jb-1 J ijr’Ljtkl JjLwsi U. g." t\j£\ |3^lJ*LJI JTJ \ ^ 

^ Uib til 1 ! /j-* jL-Jj (JjjJ-bH jlJLsy , L *+Jr ^—£ JjjLjJLI . JiLa £jA »j*£ CiLt^ 

.olj^ 



AgNO* J-* jS^S JfJl^ liA^- - \ Y 

..irli oUUj 

*Lilii* ita^JJl Lf i^ ^ 0^ c_^V ^jj.'ujJ^ ™ \ T 

\iA^$ jl 5 j^L*i ^ (jJjJ jIjH "U 

* * * _ 

.rI^JI ojIj^ ljuju Las^ o'J ls^ OljjU ^ ^ 

Iw^j jjLLdL) SJulljl J^jil 5 jvjWj JUA i^ULI ^U>-1 ~ \ 1 

l)I ^jSvaJ oi'^ jLJLp -Lj-jJ OlS oLj£jjsi Lit ^A * 5^j^-l jjl>LXJ v! 

oLJl*^ J j-iLlI L^. | UU V i*Lli- 4 A .,rt lj ^JL*J. ^1*^- 

.2^j l Uii l i 

JjLis_* Lijil ,j_* Oj-^j jiJLJlj LJsUal^ o1_)LiSJl ^jj?j1 — W 

.^j-t-Vl -Wsl^j *LJl jju-1 i^Jui- — \ A 

3 J^*-JJ j-i»iiU liJLjjJI j^ji* " ^ 

oU^^fK^ i- j . ^ Jji*- iwJJJ^j ^! 

r ( jis l ui^-Vlj -—jlvi' JlLLIi 

■jrf^ f jk ) ^IjJj 3 " y * 

JkV' (A^) 

Indicators 

dJJjj *^jL*JU cjLX*^ j JjL*^ S-b£ l^* 

,^^14X11 jq^d J lj JjJ* jjj <*w Jp' 



Colour Indicators (A, Ti ,\) 

Jlj—sju*^Vi Ju jl jjl J-JU J.-tUd'i 

y—*J i-Jli- 1 ! >wiL_US£ -=*■ H^lxL 1 ! <Jli-l j JJJUI l)j-J l?j— 


jp^ J[^Jj _j-*J Simple Indicator!; Ja™Jl JJjJl ” \ 

Fliynclphthaline ^UiS^uiil j Methyl Orange (MO) J^Jd ^ILSJ^ JJ^ JL*d j 

■ ru ..,4.^i1 oLjt-j (phph) 

<J1 k-JUs-j Ja™j ^3 j^n Screened Indicator Lf k*ill JJjJl - Y 

.End Point Jolac] 1 ! jja^j Jk2J^ aJLr^ J^\ J^JJi j^ju 0 Uf 0 ™>p 


j—* i_—UVl j Oj—!kj j—M inted Indicator Jat^iil JJjlJI -T 

JjL*J *L_ilAJ |JJ-J>cx! ^ fl ■/? ■ I 

4 a, ^ ,,>i l 1 ! ^ I .x 1 4 jjL-h*d J, l£- 4 J- 1 k- a J. p- ^ Lk- 1 11 ■ ji ±§\ 

J-~b J £-* J-S^1 vJ^ji J-s 1 - 4 W^' 

£-• j^s^\ j J—i-ii £—» ^JLiiJy-iJtj J-jUi ^w» 



( A, \) (JjJ— i-1 * f j .j j i ! 'i (3 jj^ 


.(^WA 





n y 

pij ^fcASf AtjV ii*^ 1 ^(A s 1 ) Jjj^-' 


{ fUVA iAiU-1 ^ ) 


Jftn^jJl |J 

^4*0)1 

J: gjJU> 

^ia*^l 


JJa5< 

jih^l 


r t A-\,Y 

Ojj^ 



t,‘ -M 

>^J*U 

ji*^l 


i,' -T,l 

^UJjJIJ^I 

4 ■■ * 

JjJ 1 


t,i-r 

3jjVL Jj-s»>«J(jJ1 



M" 1 

jjjVi Jjjo^j^jj ^ 1 




JAL1 


1 

v,n-n p r 



J-J 

*f -1,1 

^►Vl Jy-iJi 

ji^l 

_^i 

a, - -n,A 

■Jjbdi 


j-*Ul ajJUt 

1*,«“A,T 

^rJtiJy_iJl 

j*^-t 


H - \ - 



j-pUl pjJ^r 

u - u 



Precipitation Indicator ibf (A, %, Y) 

,^J1 *L*^1 JUy s^LaJU J-&U 7 4J oL^ 

^U-<_^J1 s +(OjSs dJJiJj- SjvjLaJl,! l^\l\ ( Jj^U 7 ^y* LfJL&Li? <&j^u) l^j^W 

X JJ jji y wJ.j-b- i 3 ?^ ikiiJ 

k ■ - ■ "^yJ ^ LjJi—* r^jl ^JiA> 

* J1 W^ 

i_j ij^UjkJl JJU _j£t£xJl <kuv JCS- iJjlrf k—^1 j 0j& SjL* — ^ 

■ a .^i ^H oUj^ SjjUk^ Jfj^liJ 






















■ UXi 


rrr 

ii L^lll 4_1 xAj Jj^ jLjjJJ li UiI^JU 'wSy Jjta!Xj Sj — V 

+ ^jrt^UjJ\ oUU^j^jJ A^aSI oh ^1 ( } J^Uj ^ JaJki^ 1 ! 

i, . JULfr L-jjjJ £j£- jl^x«1 “Y" 

Lfr-ye^ l J JJJ-^ OdJJ^ 1 Ljr^ SLO*^ 

( X>J^ £*b ) 

^jJUiij JJalfi {A*VF) 

( tj-A -Lb-rfjJl) ftjL&Uj ,— ^ 

* > Y ^ Cf* ^bl JJ J iJ i .A J * H.-. | i I 

I j r ^ J ^j ^ 4 A ■|| J l l1 ^>.>Jj Ij J^whJll J* JLj*» - i-«jj J J 

'|Jl_wzj ! ,A*iJ L^Ui I y.l> JJL& *Ly fl Jj£- HI ^£L*j£ S^jLJ, l JjS- ~ Y 

(_£j-U OjS* ] jfi r ^U,l 

.V j£\ ^UJI Jjl^JU j4jj 

( _^o L'-s w —11 5 ^y < .-^ .T. -L jlj-- ™1* 

s3jj^ jl Jr^ J^jr? Jr^ J**' 111 ! ^j.j^JJ 11 - 1 ^ 

^Jj 0^U}1 ijy£j; ^ y 0>UJl ^11l oV 1 JjJL^^ 

.V .Jil ^LJI Jji>wJL] 

'UU-'l aJLft j ^JXaJ'i j< U .J./ .j/T ^ b Uj w > jJLf-LiL SjjLhil J^e- ~ t 

* 

iJ-lL*^ aJaJL? h-f^P-LIaj ,^-5'J 

ujLj {J-^'udi #L|^1) lJjL^JI ju jj£ jJUJUj !-l>- li^—> 0j-£^ 

JjLcd 1 ! J-J^ Jai^ JJj ^Ijlshx^I 

-I Jjj^\ 



-J J' «>*■ 


JJU ( JjLl] 1 ! jl J^L^Vl O^LtUi ) SjjUaJi j^jUI 1 ! ™* 

ji» L-j. . ,*». /s s ^va-*>* j-ij i^y iS^j <3-“* j- 4 OjX* £-U £« <iljjJS’jjJ-} r H 

j^^srwM j (N& 2 B 4 O 7 ’ lOH^O) olj^Ji j fNajCO^) ^_^jj^aJl 
^ u-T U j^UL j 4j^a jJL t-lj L^j JdC-Liu ilU^j (ftCN) 

-L'jjJtf J-S* Ja-^j J-^ 0- 4 £-* (NaOH) 

^4?w^ lLU jjJSjj L^.j J 1 jA4> *1J^> I OUj^^ S^'lAA -Ua 3 ( r^j^'j^ V ^ 

i SjjIaII l LhX^£ j >UC V i3jjVl J^J ^ J 1 ! j 1 1 JJLl! ^1 ^LSJ jJ'\ i; JJUli J|-J^ 

-AJL£- H_v?S ^l 3 ji 0 \ Jjp- lLLj- I ^jVl 1 ~>- j lb 1 ■ 'I jJ kJ^I j jJ 1 (J jJL^- Gj^tjk* JC£-_* 

J^LL^ j] JLaT^U idl J-J-> jfciJjw—l j^c j-^ji LjjpS g = JiLdl iLtli 

JsvL-^ 2 ^L_*a JlJ^C-j * OjL_>^ 

(Ji l,... J> t—>r<J I ^ ]ftl' •w^^' J[ |*!lJj—-H i-J^5—■ lI-L? j j-Jl—'i-~ 3 ”■ ~ w - 

lA^^UuI ^j! ^J J ^ I i- j I ^ I A?1 1 if| i & 

^aji OUj4^-^-*1 J*JL£ Sj/Laa JL1& —1 

i Jwwjkl j—* jB " 1 Jh^-> .J-U 

■ O LwL ^ * I Ap^ ^ v Al^* flj^Lji^ lj| wL ^ 1 J ^«pj 1 Up^Sjl 

J^* J>» fJ* 1 ,^' - L r-^JJ J ^ J-^ H? 5 'ji 1 " “*-*- -v 

Ji« J^~*^.i vy Sj - 6i| j >* J iil iJJ J ^JJ- l 7r j1 

- l.-. i T, 1 ■ l31 \ ** J Jj^V?3j] O 

<JSA-f-LL dLl^JjJ^JI j/T ^ ^ ej^Lt* J.XA "A 

iJ-tUj jr* jjX. ^_U ^ 

•Jrr^' 



■ UXi 


J-U 5 lli>(A,V) 

■ c? j ^ ^1-jL Juti^iil jl^Il jwUtJ 

<AJ>j^ ly*^ 1 <_M^' ”' 

.oi jJVl jj^-=ji -r 

• jUJl ^Laj ^^*£51 — i 

►1ly*J ij y j,. J dAJjj i*l^Jij JjVi O&bjUJl VU^CJ <3jiaJl a-L a ^2>tj 

• IfcywfrJ UUjrf j£Jj < i^U- JJ *>-U-1 Ojj L+u J5" 

OjjJU ^! J-Udl <A,V,^) 

LS _U- JjJl^I Jj i-j|JLJ\ eJi—*JU ^ rV —y <-1ljj*-J Jjt J_JL*xJ1 I juk j ^L-aVl 

|J ^JOJL ■A.nj? Ij“-l i^j'!>L*L*lL I Jwt |j iJUjUj 1 L_ J ^«r l lj Ij.j^dS 1 

lIajjX^ wjjAI^U * j UL l c«jW1 C>o JijJl 

; #Ui j ol^jJLJi -Ulai 
Fe+++ kjJuJbJli-^ OU jj jjJLij — 'i 

P_j^j ■ fl ^ ■ 1 i ■ S. i.. $jj ^ ^ "' I ^ 1 ■! ■ ^. J ii ■! i 'F^jj 1 ~ ■ - 

.lLLL-L.L i - J l^S j 

(A,1).JV ++ +3iW/,0// -► Fe{OH\ + iVJ/ 3 + //^O 


(A,Y)...- 2Fe(OH) 3 


>Fe 2 Qi +3 H z 0 


Al f jjjiS' jt^ — Y 

l_^ A1(0H)5 »-^W ^ JjXjb Lr lc- ^ ^ Im-tW^ 

AljOj ^Jj>1 tj 






m 


{*■*),..... Al ++ + + 3JV// 4 Otf A!(OH\ 

{*.'). 2AI(OH) 3 —2-4 ^/ 2 0, + 3i/ 2 0 

P 04 — T 

j-T* ^ J fJr swj. J oLLwv i ^ J Jji oLL* yti\ u j^-j 1 ! ii_w>“ 

^ Jh 1 ^ 1 i„ ■■■ i iij ^jfl 

MgjPaO? 

(A,\.). 2Mg{NH 4 )P0 4 —^Mg 2 P 2 0 7 +2AW, f +tf 2 0 

Ji* fJy^ AU oli^y s—~-ji 

^ ^ Ih j J \ *> ‘^■J ^ J*UJ1 ^JgSLwv i_jr“* ^ LjJ ^ jJ 

* 

J j I n jntJ 1 jpJ taAdAj .J L*Jl UlJ f * ArO ^ J i 'P Eh'W 'l 10 *■•'■■ l -* ‘‘O^wU i |J f^v5 4 ■ *1 C 

,^i-l ^JJkJl (A,V, Y) 

Olxi 1 nJ>L hw*Jx5Li J-l_jl^ ,*L^>- I Jj^rlij iL ^ifr JfJUijJl '-Aji ^U 1 ! 

i>1 j ilyuU L+^ij ajJL<a« ^*£31 ^jJUU 1 j^1»j -Equilibrium 1 ^>- 

-Lxt- l)V i jyL£JL1 0_}^jJI u_Lfc by 


.,JJ ^j&ij oL^ ^Js- oljjVl 

(f 


— =_^U^^ilfll 6jj]l 

H 

HOOC- Litl-U . CHj-COOH < H 4 P 2 0 : * HjPO,, < H 2 S0 4 * HOI : 


.dUL-S^I Jdi^- COOH 

rn,« = p/ri,®) = HC1 
M - (t/«iA> - H 2 SO 4 






TYV 


■ UXi 


rY.’inv - ( r/iA > - h 3 po 4 

H,t - ( t l WA)- H 4 P 2 O 7 
v-(Wi')- CH 3 .COOH 

(V 

———-;-- i/OKtj# 

^ jjf iJj-Uijl oljj J‘wUl- 

{ NaHS0 4 ) A*-*JJJLjpH fj£> y^>\ ob^i : ( 1 ) 

vy* 

^ Y * - -= rj\£i\ Oj^B 

\x> 

( CaHPO* ) ‘L. y^ jjJLyJt ^oLLvji •(Y) Jl * 4 

m 

n\ - -- Oj^i 

r x\ 


4A>*' 


- =^10^ 


ij-Prlijl J (OHT) iU 


Ca(OH) 2 f j~Jl£)l X~£j jJUb : Jtea 
V* 

rv = -= *jmi ojjji 

Y 

SJiljwli (3 


Ojjjl 

—- : -£>j*B 

^sJu’i o ^IfS^ULl j 3_j j-XjjJ 1 oljj 



NaCl, CaS0 4 , FeP0 4 , Fe(NH 4 >2(S0 4 )2 , Ca 3 (P0 4 ) 2 :Jti» 



ii j*j if j ] «>* 


ru 


J* 

®A,« - o/»A,») - NaCl 
nA - ohr\) - CaS0 4 
o. p TA- (r/\®.,A®)- FeP0 4 
tn, < l‘v= (t/\AV,A«) - Fe(NH4) 2 (S0 4 )2 
0 ^, 1 'IV - < 'i/n>)“ Ca 3 (P0 4 ) 2 
iijsAllj iJL«rJil OLS'ji* (A 


- yl£il 

j 11-1 • *^ i ^saJi 

ji 2<^-^>11 jf iJLJl 'jf- j**j ; J^uyfVl f&jj 

o^£11 oijj_U iji ^jw^- j <j_ji 

j* -* ^ *L»J J 4 L*1» 

HNOj , N0 2 , HN0 2 , NO , N 2 , N 2 H 4 , NH 3 :Jfc* 




KNQ: 











iljll o Uj ^ 


ry\ 


Jljsi-Vlj JJU«£Vl ^ »—>U*«>- 4ll*i 

• 4 «rVi 

JWiJ 4 ^ - \ 


2 FeO^-^Fe 2 0 3 

Ul» j FeO OjSJ X+ ,J| T+ ;ju^t lL^.> 

>Ud' 


Fe 2 0 } — 211 > 2FeO + H 2 0 : Jijs^H 

fc 2 o, jjai 01? Gi >L£Ji ^*bJ jl-juU 0 jSj t+ ji r+ ^ j-u 5 Vi (jj jjj 

Aj uV ^SU 

jJUL^Vl -T 

—^ 2 COj +/fjO 
iji i + JJ Y+ 

rO^jS* ^!i-tlJL^V^ j/T f. >■ IJU j 

KM 11 O 4 —Y 

IzumJ^JI ^ (1 

IKMnO* -+ K 2 0 + 2 MnO + 50 

T + Jl V + yn 3 -Lw^S'V I j. jJJ 

( 0/ Ojjil ) = LiJ l ^-1* J ^LSi 1 ! 

r\,QA\= 0 /yoVAt = 

Lflj^ li-iJij^Jl lJ (u 


2KMnO A -> K 2 0 + 2Mi0 2 + 30 



ii j*j if j ] «>* 


t+ V+ ^ j a-l—£Sh 

<T7 \ MM ) = ( r/^^^Ll CjjjJ' ) = ol^u *^ju ^I5a\ OJjJI 0jSU 


Ot/lO = 


ou*to (A,v,r) 

(M) Molarity j/jsll (t 

lJ^Jl^I ' j c jL* *' j 1 1 I jjf* j% v 


■JMi 


^1 jJtIj S^dl L 1 


*iLJj 0Jj^l- 

k5 aj—^ ^ L -y LwtaSl *n~ M jV v» * p ■ 0 ^ J 

u-t 

jit-i-l bjj 

= M 

vUJL-S*^ 4 jia^i- 


*, * o «= l l ljLwS'Vi i ^'" - y jjijii * m = jii/ ^i i j'^* - •*-1 ujj 

t,o - 

(N) Normality jt ,^uV' j £jsH (^ 

,/U^' <4^' o*j^ 4 j* j - Ui ^ j?*; 

_ / d!l J fl "A»i 5i ojli' £>jj 

----- -N 

♦aUJ -j£X\ Jj.yi 

*j£j V"'^' 1 CaCb -yu.y^ j-* £_*> * * j*Sj? 

v^rV^* 



rn 


■ UXi 


J*-* 

Y.YY = oo,o x t = JrSy 

mcq/1/ j#f /^LSUJJJLU JjS^jsJI 

* * 

J-U \j^ 'l. jT _fl. >t. l.A L»J*f J t»XA jSJ {jf- Ia^J» ^ykj 

.(Nx \ *") = j?J/ >^. ? > i-s jyn Jl *L*j jl>Vl *L* 

f Cijj 

y,,,x - - = 'JW^JUll jS.a 

^4j^»J0kU sjHI d )jj 

&SU ojjJl 

jilll 3 ^£jd\ _j^ l* ijli* 

NaClf^.^^L.^^ JjU-\ 
NaCl^^j^J^U-Y 
.£•, * \ NaCl ^ jj&i dj^ -T 

J* 

>A.ir = \>*» X ( OA ,0 f NaCl jSJ - \ 

Y* •» - W x Y - jJ/^LC.JUf NaCl j Sj -Y 
W*\*"XVl= ^/^LClJIL NaCl ^ -r 

ppm £>jJll J «.j^-1 (a 

.*y? OjJu j 3 j 

T /*l 1 \ * J i >J>- oUlJJU' 

.^[^ 4 * 4 J 3.)_yj-oU1j^tiil 
jl£ j ;.>^U1 



'nijU J «>*■ 


rrv 

.ji! ^ j 3 jjlg- ■ 

.ppm jS jjl i^u^-'i jJ /NaCl ^L£-*JULa 1 . * & .jit J'( ^ ) J^ 1 

>> 

■jjjJl x ^/^ISL.JJLjlLi j-f ^J 1 ! = ppm 
= * A, * x * F *e = NaCIppm 

.ppm SO* i Na ySJ < NaiS0 4 ppm \ i T ^s- tS_fA J O) 

il ■ Nappm 
= S0 4 ppm 

tilt ^ JJ* (A,A) 

Jibd! (A,A^) 

^ J! gr4^ iSj^J U* oUa 5 J^U> tft 

OrV 1 ! I JI ^■ ■ ■b" JL ^ J I L^p A l~3 J ^ J. Aw v U j 

.411 i) wjljjJLiJ 1 ! 

,.{EDTA) SjjI*11j *Ul l 5 u r i>l'j . M1 l£J1 j^JLaj ” ^ 

^j| ^ ^4 ’ U 1 "l I L4r> T 

.^J^jJl Lf it J^Lll ^LSjjj^ CnJl^s J j^_? 

Jij^Vlj iJU^Vl (A,A ? T) 

Jj-t-LcJl y ^ j 'i^^ 

j-* Ojlrull Sill 1 ! Jw«*^ ^w -1 *-£*Lj Jjl^l J l>1 v _f-=^ ^ 



£j->i ^ t SSLL|i*,Jll jfcU^V 1 ! 

; -‘ULl j ^jJJoXH 'l-lfe AiJUlj J^UJl J'lJ^V'lj SJU^Vi 

nil 5 J i.%..— U""^ TOC 1 


. ^ jMri/lj^J'l oU^wijJ J J-j£ i .11 2 * 

oLo^lauui lJ l **£Vl ^jip *lil ^ jjiJjjil — T 


i^h. j ..'^ jjl ib' ^UJb^A^b jiJJki^ (A, A n T) 

l?-Jll—ill 1 ^ -1 AvlvJ >r '^JU' '-i-jj I jljJsl 

J M mi | Pj3Lj L_ .■■■■■»■ ^ I ^W■ <iIjJ ^, ij~ ■-A-J^ jjl 4_ww^jpl ■ 

Mohr jAjk* (A j A, T, 1) 

|J| Jl ^-1 y*> L*£ *JJ Jit JjUl* J a+*i i jM ij ySL; La-Uf- AJLjJoj! fi-jji Jj-a Al ^ J 

A^tgJ i^r ^ 3 iysuijl 0 - 1^4 aj-SJl JAIsu^Ijj *J J^jjixSl 


^j^_4^UjJ1 oLaj ^5" J*-J.> a iWJj <V3_J -LjJJ li? 0JJ—j JjjjJlSJI 

LisJ *j^lj jjJ \ li*L*j jS oV ■ UjjjISJI l^™.' jJ ^l^jj JoJ&- j K 2 Cr 04 
J-frlill la~*tj <J OfS^j V H^^.1jJ*i iJLfrj j L? Ja*Jj 


>AJh oUjJ 

Vofhard A*> (A p A,f, Y) 

* 

; i^^*U*3L> ^ M. 11 

Ajjiji^JI *.>hjj 1 \J*^ d LlMjJ lJjJ^ 

j™^ji *Uj ^ijJi l) *m 5i oi/j j-* 3^y i j*jz (ti (J (J 

i_-A JlJj 1 iJ ij* JjJ^" ^, lriM i|jj 





rrt 

JJ«Si (A,A, t> 

o L *^ J_JLil Jj JjLI 1 £j_Jl 1JL* 

* ,■" b ^ 

W\J^ J 1^-jj jl n , ^ x>- UjgJUtf iJi—^ V i. / m /" 

j 

k^j^U'UiJl i j ij jj — '-■.*. -j iji^J-1 ^X-Xj h— jJi-t- ja jr Juid 'i iJijJ 

^ 2jp-ljJi *\jjl « u tfj:£ iJ 1 !jjV 1 ! j Jl* JwSJ 4jL*«&l 

h LfJW U jjjfl 

; *Li1 J O l ijpHvUX] l l $ JL* ?Jj>t jjfij 

lLLvIjJiJ-^ (J^w- JL?-jj : Fe +r JJL jujlJ- 1 jiJLiJ (1 

JjJL^ kJUisw >w HCl T ^w-<- ^ sJUlaj^ jhJL> 

- j+^\ \jbj 

l=— rw-u-l \ 4 h ■ ;NHj L^j jj;J 4 j (u 

Jl JjJU «- ^L-L"jjt Uj-JlSI j* ^ £J JlJL * jUijj 

|W JwU- H _ wn liVl &JL-A iLiil 

ijUk»jj ^Jp^J jX%-w Jw>^UaIl J) oly^ 

^Ji1 1■■ ■ 1^ -jy *^".^ ^ l ' , ‘ ^ W*_JdL gjLJl Oj—U'l 

.JjUl 

■" ■! J _^'j * ^IJ^t^i i'L 4^j .Jj 1 4 _jjj p UJ i I j ■ iljj : P ^jj—^jjJ 1 jjJwSj (jj- 

V ii 

Azomethen-H JJj <JjJU 1 ! iLJail ;B OjjjJl ^J-JL' (j 

J.r^- l> 



iljll o Uj ^ 


rro 


ja aTIxII (A,^) 

a^jiJji ;y£ji ^s3i ^u^p- <a,v') 

TDS = 0,61 x alkalinity + Na' +K‘ + Ca 2 ' + Mg 2 ' + Cl'+ SO% + 

SiO 2- ! + NCTj + F JU 

OUjJV'j Jy> OljjV' (A^jY) 


f a oUoU0j^> l* l.'. fr 


: Ik^S" $*•; (3^*11 <™J wL> ( xjo ji*3 u,41 

V Cations — / Anions 

(A, M ). Difference % = -—-x 100 

' £(Ca/wns + Anions) 


i_4j v- *■*■--! I l ~ ; Ij -jj N 1 1 


o^j-jiVlj ^vj ijjill 

O 1 

ji/'j)SUjL;'t± 

jd/^SL^T-ji* 

jJ / V ± 

^ / ^i^jul. -r 

^/ylS^JULai 

/ ^ISUJOu A ** — * ■ 


* * * To * *111 jj ^Y -Ujj Vl v --.^ l » .^i, j; (3yi5l 


. aJ^JLh j^e- A^jd l ^ ^ ^ tld- 1 A™**J ^ I 

OtuiJt {A, \ *) 

JL5$ i *-&yj J^JUoJl { ^J& *Lll J-jrUtJ oLUaJI X*m 

jl jLjj V' j-1 jIjSN tijJl aL* i j 111 jd >j ^ 1 <.1^11 

.UJhkil jWdl $ .LU JJrf. 







m 

CjLjJ! £$l J4 jLs^l (A* W , \ ) 

_oJ.1 iaJfl^Jl ^^JLc- J^S Jl^*j S-Lll 3 ^L*^b ^-'aJ 1 ! 

L l|JLJU- Ja-w 0^ ^-la^l S olu*Jl £^A" 

uf Jl& -J ,OULjJ'1 

^Ull ^1rT«.. I i 3 ij^-^-vv-S 1 ^ 1 |*L*^fc*}h Oy^J ^Ub s .^A^ 4 

j*jl£ Jl 'w*J. jygifi 3 ^LaJUiAl oijjjrtd'i i^’ijjj ^Uj^Vi uy^j; 

l)j-^j lLUJJ 4_^l>- jj,h-J ^lyg rtwlij jjl^LjuJJ 

.uL£j ij$ 

i p yi> L|_? JsjIIj^ip jLlt-j 3 Jf-LdJ o'. ^SLil' ^Va lI-j'J-jJ 1 . -ajJl£ 

JaJt j ol ^y> j^l y~j iJiil oUda^JU 3 L/^ ^yUve <_r^ 

^JLi SjJIjs Lolli obJtvJJ *Ja*l yM iJub 3^ < jlflj^U Jjj |<U^|J jt 
jiat (jJU-1 ci>jJi 3^ i j\ ^UjJI j t iuJJi 4 i-tJi i^ji^Ji i ^ j!\ oikJU 

^31 jL 0) .0>U^jJl ftJljJi -UJj^ 3 (. pfcifLA'I ' I,rt II jL+jVi 

3 * ^LU ^k—Jkl lijfe oUw»l JJ ijJifr JL-tXiiJ ^-JLU oUdsu^JJi 3 

L>J_>J |J'1 >^r—^7 JljJjJIj <-jU,I| Jt\ J-6^ 3 

<j^Lj JL^'i LS^^ 3 (jlS- liLf .Ujj lJ>Sr jl^-V^ 

3 ^ % v " * j a (3-*^ ^>* 4 iy 

* * * 

£-Lu^ dJUiij L*Lf Jaiit 01 

I* 

^jj^g Uj, rt 1 k- ijjJl 1 ! jLgjVi 3 j JAJliJ 

Juyj.’lj tUljiiJ ! i Jl ^3“ J oL^ oUjlSI On -^“3^ *^b 



rrv 


■ UXi VvJ- 


* 

Lj'i lVj!< fiLilj d dill * i <AJa^ i 111 Ju- flJjpUl a J-kali Li tJjjT ^jj-I 

.oluij^ J«5 JiVl ifrlvJ Hwi^aJ- S-U iJij 

If 

^UlI ^jJIj jvjjJdl .jjjb Lj it bUxtl UjUxi-i jSUil y* 5jL>1 

*U-U i jjj i/rfr j*£- jljJ? IjjJU ^tli O^ fj-* ^1 

^J1 y* 01 “■ 4= L+f , 4 mAI£ 0k^Lj^axSl daAj y *j ^ J-* 

ijl ^ftrW ^ Jl^X^W Ls UL& 4 'j^ 

^j|ji1 r^i-L> ijjJU jt < ^jji^yi * oLLjJI *—*j£- 

JjJIk-C L*^ k —*li1 j\ i J 

, l jJ. I L-jJb^mi * * —1° - I K^J jijpltf? ^JLt- JlaIjJ ^Jl j 1 \ j? lU'I ^l2_AJ 

oLjJ' (A t \ * s Y) 

^0 ^W 11 £j* m jij\j& j oLfr ^ 

,j jjj. l ij_5,U wilx^j |*-Sw^ *UaJu tj^S i-*ji olS 

4mm; U* ^LjIj jJdJ ■ j; ^ a -h- ffl Jw oLXjJI .j^ ^ L^X? '“'J I Jjuj . Ll?*xil FjhJ Uoij oLmjJ^i 

-■(A, T Jj-^“0 * 

J ^w^Lkl jL^l ^"i-^w , 'l^vM*’^ r'-'L'^-^T' I 11 'T*r- h ^ 

j^JLj o j_^m oLUflJI Cj* ilLjfc.j ^Xj 

t ^L 

Ijh^ jJiSl ^ ^-fcj : ( Von Dom sampler ) djj* O jJ jL^- - \ 

*iJL>j *\1\ ^ji j-fcj *uu£rj 4_Pmxa /j-S1a jLxCj i Lt ^Jj till oLLt 

dj'iJLi^ sU# i,ik^ jjJ-t s-U 11 ^-=r ^wL^Xmj J^i- 11 

{ C^**J jLgj- Sj^jtJ] <Sj^ t 

.( jfc^ l y V i ) ( Nansen Sampler ) Niskin Sampler) 



4 'l ■ 'i '|rt I ii” !rtl i i " I J ■ jj| J ^ ^ I f l—w. 1 ) -• ■•■ J" /* ”■ Ji ”” Y 

JA IfAJO <~~J A*- ,^Ly ^ <-Jj£ «>* 

4-ljTnrt 11 ijjiJL_i-'l J|| jL-JlI l J1*—^ jJl .J j i■ ■ j Oi^r"** 

.^ Ji J-LJj JiSj-1L* |jiJu j 5j ■ < i.rtl ®lj* 

*u±i- alAi.1 £_fljJ lU'Jiu^ C™Jll j.L'iJl /j* dLli wl^lj-dP- *J L>- Jj -T 

Y * iJLfc oU^jJ 1 ! ^I> A™5 *■ AI^4 Jjj l jut!l J i-ij-iLi GjLlaJ 1 

.iiij r« - 


.OUhaJ 1 ^ J l*4AivJil { Jj“^"' 

.(*1 itv ) 


^jti nil cJjli 

js^* 

j«AA» 

Jii^-I ajL> J? 

»l*j )1 £jt 

i►*»- 

(j 4 ^) 

{} 

IcU U 


PAG 

1 " * 


a^uYS 

r‘ 

PAG 

1 " 


itU- T 

? 

PAG 

\** * 

BOD 


' (pH> 2 ) 

PAG 

fi H 

COD 

l jA/ 1 


PAG 

0 * 4 


aUv 

1 - 

fjk'J 

PAG 

H 


ip'- t i 

r* 

FAG 

a ■> 

djtt 

i*LU 

J f* 

(pH=t 2 ) 

PAG 

6 k * 

jLsIavJI 

a^L-'v 

e^'s? 

G 

r- ■ 

dc?*—*^V' 

^aui 

r^ v 

r 4 

FAG 

1 ** 

j—^ 




































■<M) Jj*i & 


jjXi«d‘ 

-Jeti^-I jJj J? 


*■*!’ |rt«- 

(A^) 

j«AwJl 

(jy^^') 


{uH>2) 

PAG 

r> * 

U-fcSi ^Uii 

a*U^f 

>-f< 

(pH>2) 

PAG 

■o ■ * 

jiUJI 

r* v 

vA~f* 
(pH>2) dt~sj£ 

RAG 

t- * 

B 

UL t i 

(pH>2) 'iiw^S' 

FAG 

l ** 



A**? 1 

P&G 

w* 


uu 

(pH>2) 

G 

\ * * * 

O^lj 

ifUl 

(pH>2) dLi^ 

PAG 





FAG 

W* 

**■*. j-J-1 

a*L-u 

1 

RAG 

c * 


W-U 


PAG 

1 * * 


r*v 

r‘ 

PAG 

1 i - 

iUL*! 1 il^i'i 

iJlAil 

r*v 

r‘ 

PAG 

a h 



e?^ 

PAG 

W* 


■j^L- 

tfAiJ 

FAG 

| M t 


J** 

1 

RAG 

w- 

zj£*l i 


<0)gW-J 











































OLjJi ju* Ulitljr* ^jj-iJl (A^ *,f) 

^ fr^ss-lji Ubj.sLd^j <£ 4 jL*J- fl^iJ^Jl iJj-Up 'i'1 jU^-1 — \ 

.^>v l 

, ijjJJail OljUx±-Vl t-ilf 4U*jl ^ 

^,-a^ ^1 jiLxj-V *! *1j-J-1 J-J ^Luj J|JLjj LjujJ ^Urjjl 

.^Jj!i L*jLi£ 4 ^jUJ 1 ! ^dJL^SM *1 
^jLil.1 ^■‘L^-jJI ] j KK a Ip *— ZX+^^SS i^jVl o_^Ss -1 

Olj t—j_^Jiial*i JJb^Jl k^w> | j F * jt O^LtLtJUi 

■jTJ^-'j J^- 1jJ1 0^ 

y* ■ liiij ..Cil QjL^- lliJ'jfjSlj ■ J'■ “^ 

+ l_j jJLkll JJUi^J 1 ! j! 

Lg^ 1 j i-L^j «iw^ jJ^j jjSvi, 1 o IjL-^i-!>*J oLuaJ^ ^> «^&ji O jS^-' J — 1 

.oLu*Ji *1j j}3 

k-Uf £v4 JJL£ l^M JifhlxJlj OUjxH 

.<UaU Jj^aiil *±j 
i^cl-l o-IjuaJ 1 ! Vj^ *JlJl — A 
O^jLjXi-^J oLjUflJl J—ZS- L_£aL^ i—r^J 1 ! — ^ 

4w^?j*4>=1 rt-ijj OjJLdll^ L^_^Jj^J] IwJljJ^ — \ + 

■ ^ (3 5j-*il^ ^ JlJjjC Sjjidl oijj JuX]^ 

o\Sl\ JuJ^ *U1 Jl^ y — \ \ 

s-'w^ oUjJ 4^ ■ Hmi\\* tlJjlj *JL*3l 4 Jj» OJJ^-1 ^Ju!l 41 a ,jCJJ 1 . 


iJLSJl 1 ! 



rt\ 


■ UXi 


^Jli oU**il J^jJS Vj olj^T-J^ K^ijUfljl«j 

■ ^j-ifeaj jjl^jl Lgr* 

JJ Afr'^ SJtl ^J 1 ! JJ^AJ *L» ^ oL*t jui-1 JUt — \ T 

iiJ _Lt- |4_! i JJiJLJ J_j_p>iC «JjJl eJjJhi-1 iJL?- ^jj . JJwjJI Jji-I 

.jp—J I * -fl- -fl- - iJ 1 I h 5 ^ -j*? - .' I 1 rt_ ri _ j i_s" x3 --jC JLAJ !fc r- 1 ^Jp- L»> A JuaJ 

frLc 0*1 jpA %J^ £-* 4-iJi OySS w-^£ 5-***^ JL£-t ” \Y 

j 1IJll <*JJ jJUoll 

fl-j-lj-j, J). ■jjlJwoJ'i JL?-! Ojij^JI j■■^■ £■ j^juJ j iJL?- ij _ \i 

■ l* In". ■ II 

4j>-^U U Ja_i£ . J -a. M . ^ .U Lpj j-^j j-ji Cjt- J[ 1= l£ ] ^a 1 — \ 0 

■i*.^ ^-sUk; jSj ^ i l jl^ jJ 

jS*- £-# J Lf^" kw*^ 5 ; ” \ 1 | 

>^LjJ I .■_4 i ^»>- L^f ,ij*ilJ; Li'w? J oLojuLu -^1 U? ,^AjI J^-t 

; ^JUl oliLJl 


•'CM* 1 

mm jWj ^ 

•( i t ^ ^ »L> i ) * 4 „ « ^ W L I» 

oLSL* _y ^w» bJ j_ms viU3 ■jlS' 131 4iajill 

{ Itwlllj ^Uwjjul 
I J^aJ 1 ! 



(3 J*j {fJ* oV i)j* 


m 


; ^iJbkXi^ 1 ! | j> 

. JL^'i *U£* 

.HjJ-jj 1 ! JJ*\ JLfr Jj^Jl 


ULu-f (A, \> > 

? * U-l 3 Uij *L*3J l ^LJLa b L* -1* ^ 

^^Ji r i r, o oii WL-i^ j^s*' sLli *jl^ ^ji ^ 1 ^ 

s ^jlsi jirojii^ * a *o 

SoLjll ^ LfJjJb* *lil ±Sjfr *Tij* 

? aSjJlz* wL*^1j *Ul O 

wJUxil *111 AAiUJ]j 3jLfiJi jUV^ jJ^>- : 

■ 


Na + 

= 23 

ppm 

cr 

121 45 ppm 


Ca~ 

= 30 

ppm 

SO", 

= 48 ppm 


Mg** 

= 12 

ppm 

CaCOj 

= 85 mg 

«^UH 

Sr^ ■ 

= 21.9 

ppm 







■*Ul 

f—j' 


J ^wJ 1 ! Jy>- ^ 

gj j JL>-_jll luUjjSU SJLxil 5 -jLa-SU! t^bL^Vl -T 



iljll 


nr 

< A >") 

" L »—' ‘‘ -‘■e* 4 us^W^-1 * <J--'j p-»'j*l ‘ 

-aft ^ i ^ ^ ^ j Li ^ ^f ^ Vfl ^^4^ i ^lll 

-i^j> j» mJI Ajj^*J 1 <£Li1 _ ^^3 Ij^J i _ £^j^x] lj jJx ‘ %13 
jlj ^ i T V ■ &LJLt ^ 4*jbji*Ajf 4** (%4fcO/ bljif 1 ( 

. *j j ^jluJ'i ^LjjjJl <l$> J L»1i . ^Jp'ujjl _ jj^H 

»_y»ULH . i^j^aH jJLtf-Vl 4-^5v4 .^ \ ^VA - iJJj-^fl tL+f&i .JU^ 1 ■JUG’ 

.Agjjftjl ^ej>4^- - 





dL>J1 JJaJl dAjUll jjUl 

jt ^jJJ L|JI^iwjU 0 Li ^'Jh 1 . jXaa V^= ^ i j^o 

*UL1 oLu* j ^-rdj -j3-r jt ^jlj-i-1 J‘ ^oVl n^yLH 

J[iU cjIuaJI JU-1 (3 ^ J $.,.h L^uu ^ .^t .,rt 

SjL^jiJIj i w*JtJJl | Sj.\^j-1 <s^j^ 

^LJiJl jLf>- JJ> 4 JL?j^ oL^ oii tjS'X ,J»*aU Ju 

(Atomic absorption ^jjLSl ^Ua^Vl * (Flame-photometer) 

4-*jj objjiiJj ^1 j jl^LL ^L2]\ jl spectrophotometer) 

{Gas- ^jUJ! jU^j (Specific ton electrodes) oUjjSU 

.ijJiJi oL£jll J*UcJ mass spectrometer chromatograph) 
\j-* ^ *1j-^rl j-S-t oli J—Jbvlll Sj-4*-t (J J_? ta-li 5-^*5_J 

LJjI— li-l 1 k- -.-^ - 1 I ,J ~| • ^j ’ ^ l I M _Jl ■ *1 

J^slj W niL ^ihj <udJL^il! *Ul ^ ull <juLiJl <*LmJ^ 

ru 



j j if jfi «>>f 


rn 

. ij y I jAJL AaIi^vJJ ^Ll'l JijJaJ ^^aJLjlII J* £•* 

: *Uk1 ^ic- V*3l^>-1 ^jf^c ^jjJi Ait&JU o^JbcJi 

.^LjJo^LU -\ 

.iJUi C-!>LU -Y 
o*>u^ -r 

li^*U^uJ < «UU U)l__^>-1 <iix>«ll aJUaII oijjXb)lj 

,^4^x»wl L^> ^ms_j! 1 t*l t aa1x>JL1 oL«1>A^iXw>^U «u*l yu j 

*Wli 3-HijsiJl ^>1 (*,*) 

Electrical conductivity J-** jail (VT^j') 

&LJl1 l jUshoVO ^-Lli ^ Jl j-SjJ j ^j -1 

L§Jl^ip-i ' k ^ rm ^' JiJi jlluS?! ^jjLTji l (Ia...£j 

^JL* ur l& ,U1 |+J jLgjVl aL^ L^Jb * | ^ % >L*V | i 

j\ k_jjJJU ^oVl J-L* *. <1^ ] j-* i _p?jJJU LaJ c-ULI 

, UkjJ-jj jjf < ^jJ-b ^1 A^lLwa-V■< 

l^»jtlj srUl ^ >Lj i IJJ i i £-^L*Sbt .ji£J! ySy^l\ jjJLjj L|j ^pSbr ajut- Jj-jtJj- 

^LJ 3J4aj1 <>* jr*>J *jliij4$i\ J^ ^ 

. ^wvJL-1 J ^yJ*' I ; j | U 1 |j ■ C 1 ■ |jj - Q ■ ^ -‘ 

J*^et^)l i-s^j-> U K'W* *_>-R^ (J*“^ Jr-LJ J 

. ( ^, ^ (Electrical Conductance-meters) 



>ULi J*Ud Wv^ 1 J jkJl 


nv 



*0^' fjk (•—»*jr/* EC-wrter <^>') 

j4^ J** iii> 

!! iJ'Ji lyij'i j U J -L'i ^ L i. .,!■ v-i^wij ^j ^li i^jl? ■* 

L oli fiJLi c-^i jLi jL^JL-l — ^ 

# 

j_4JJ 4-^Ui jlijjil JjliL <JLw "T 

. ^jmIJLII 

*l^LJ j 1 !^,! (EC) ™ £ 

<f° T ® »j i ^=- ^-jj 




ru 


,J—jjali 1 ! *UlL i^l-M J ■ ■■■VI jJ-LiJl Vl -i-j- ~ £ 

Hjlw **U J 

jt (millimohs) SJLj-jj j 4 >Jl jJLJuj 

: 0) SI Units jLLUJI 2LurLlJI SOs- jJL 2J *-jJI sJU oJjll^I jSj .(mkiumohs) 
I millimohs / cm = I dSm" ] 

^J-1 (^ ,jW^ pjj* 

* ^ 

l—■■ ' '-i-v* ^ m * -J \ ^ J \ ^ ^ lJ*Ji L ' Jt ' ]' 

^_*¥ /Jja-IIU 'j-J ^^^AjS^-ho-sJJ-LU iJHjjl ^La*)t\ 

£jJ jj£j &JL*J ■ ' Ai ^ .HnijJ 1 ! Uta* jiJ / 

(^ 0 ^1 », 0 EC J1 oi> jJ^S SiVisfr 

JaiM ^*i J\ lift EC Jl i*J jMijjljj 

ub^ 1 3^- Kc ^ C-fU osprf (V T, > f T) 

: aJUJI iij'ui'i j.Jaiy 

<V'). Kc =(^^)» [(l+ 0 . 015 >)(/- 25 )] 


(*"• ? j.y'J.j*?* Jr*®^ = CKCi 

.(cm -1 ) i*fcU CoU = Kc 
J^L^l *j\j>- <*-jj = t 

JjW 

.KCI ^Ju j]^* 1 ,' ^ 




iLjLi JaUsJ 15>51 


TH 

^ t 1 1 A jjLwj t lujLlil \ 1 J !i *i = L 

,,*T 0 ^ ^ / jj*jJ^* 
(K)5UM ChW jyu vr-J ^ J^yUVf'T) 

+ i!>i!l j>Iw1L ^ .JJUi ijv>j]1 ^ . ku -i ~ ^ 

k^>,J ijilju a J. .,,-1 " UjLLP Jij^L^jV^ ^*“01 ■JJ “ X 

.iij'jIL 6 -p- l>il ^*STx^dJ i j^uCj JJjJl 

(^, T)- * * - * * — **..***.***. .R 25 = Ry (1 +0,02AT) 

. ^°Y 0 ole. EC = R 2s 

. ^ Y 0 ^y> Jil jl ^Jtf-li 4s* ji <Lrfl3ll <U£^jJl — R-j- 

*J^iil aj\js* i *rj>j a 43*ji C$i = AT 

Total Dissolved Solid (1’DS) V 1 ^ 1 WLflJ' * ji' f &7 (f 
AjivsJ) J_^X»Jj .4_il*y« jl i^5lj 0_j£> *Ju« il^« *UL1 
eJ^X*i1 * a \ <*-»# 

■fl—J ^LalJZi A £-■ 1 ^ ■ < 1I 1 -3 ■ ^ I j JhJj^ sJl |3 'tw +*—mJ l JLl I *LwL*iJ 'l J ^ I 

*j1OjjJt f - ^ jili 

<,* 0 U* 

<J (TDS)_Jl hjt^aJ w^lkil t-ULl t_^u^y 1 *1 

HCl lLL_ jji 1 li j | *11 j j_^ LgjJil** 

J’l il . v 4^-jjij 4»LjlaJ l dJLh .jllll <J jfcljJ^JlU 1 j’l j*lLi NHijOH j-flV \ 

;?<W ^"Uh^ 3 wJjJj ^T-SvC jljll ^>3^ 

Pj^vL4j Vj k—j'ldJ^ 




j J»3 {f J* ijy*- 


ro* 

Color 0jJUi (^,T,t) 

d* 

■ 0 |^ 'l LJ WMwS 1 ] I- ,j] ' ^ 1 ^* 1 ^- ^W^L| 4 ujh " 4 * ■ ■ if! ^ "j S^- S-J-dJ |_}^d_. ( ^ p 

J^J\ Oj t H Lfc„J ■ -^wU U J<_' l J 1 l jjl ^ ^ .hw U C j U J- ^jpj^ ^wj 1 l^l 1 ^m-' U £■ Uv, '| O nt-L 1 L/ 

^j-ji j Jl oL*^ Vh * k^Jl^iJallji ^JLwLtl 3^jlt wi' SjLj 

^_HJ L*£ -L p-ila wlal 1 - f J IjJ 0 ! jjj ■ jfJj lJ LUb 

* 

hUJ*Ip- * f-’T* iji Ljfl-ji ,J|-'^ *; ^jr^* jr*J-Vl O 

.sASjtjJi iwJUJaJl J] JSjjil J] Jill* dUI OjJ U*J J-*dj -Vjr^b' o* 

■*■ j ^| ■•"* *0 (PholtMTidd^) j M -g^ !■■ J * * 1 ^ ^ ^ ► ^■ v jl I ji * * .'-j^^Jh * 

^JjJ O'lJLs^j ^LJ jjlfc* ( W 

.( Maiti, 2004 ) cj Ly < A$j j. Oj^l j - *** wE-'^y jr^ f ^ OjJ 

flJLjfr £^1-jJ jW i^Jer iiU*J 

^w V 4-jj j^JLiSj "(Filter membrane) ^Lii yji ^Uuiw-Aj *M\ 

x 3 rU \ ljj|j jJlj -J L jA ljCjl LtS i ^LLxJI jdLiil &\JJhl 1 ~j[j ,Ul 



,3jjsj! ^p-«i ol J&tdl ij^jil Ojf jtfJi-iJ )L^- r 0^T) 


j>d wuji 6 >51 


To) 

.Deionized water kL- 

O 1 * ( K-jPtClt ) iJk 4 “T 

{ L_^S" JujjiS" ^>- 1 (OLw^r- jij.jJv> V^ t ^ bb JjJ,Pt 

j-S^n \ * * L^JI ■/* u j Wij CoCl z .6H z O) 

.(HZ) 0.^3 0 ' * iJ* i Sj& (/**'^' j4J' J) J-*^u 

tM' Uo^ 

i *, 0 b 0 * 4,»... jl. ." t——i ; b\ j C>1jjSbS j_y»*Li — \ 

J-»5b> ^UJI Jj-Ul 0 -- J- 4 V t l( 0 ( ua <r,o <r iT.o <T * Vo <\ 
«ro »r* t to <r* *>o *\* iO^^'j^Ui.jUjjjwiuub^^Ji 

*■ iJjJ 4. ij iJL^i 'ij>^ (HZ) V* i V i i 1 * i o (1* 

16 0 *frj* Jjk (J#’ byyj . j — T 

* 

(Very IJw?- ^jJ*! oljut “T 

Fine) 

aj>Li^ ( L ■»■■■» * ^ ) iw-- 1 w ^r ^ i *■ i—* jL|>1 Jw^- ^-■ , £ 

Zero (.^yfeUal^ O^jJJl aJIp- Ji) *>>* (u3*i>1 iJjJUI ji 

.Pt'Co OjJ 

£*ijj JlJ»- jJ ,|*_j y>lM j'i ^>>*-1 Lfj^jJ jJtAa Ii *UL1 jj ”0 

* 

: jJjL**lj ^LiJl ajljJI oj) 

(V T). Color Units {HZ) = 

* ,* „. 

* l* 1 " "* "^ l> 4 y ^ A 






r* y 

.. ajljJI s ^ 

jJuw ij^il = V 

<^,Y s r> 

e l*.*—L . 1 Oj L* —J » j c-j p ^X w— ■< jj' ^ *. -L ^ ./? lx*j 1 * ■ ^' VI *1 

^j-* uJJLiU lju>- ^iLj- (yjLji Ij-ji (p) LjUjj (a) LiSI oIaLJwL 

^jJI v^**^ uT cd-tLw^J ^*51jxfl -L*U^j Liil oU-l*-il; 

LjJljl iilLJi ,*ljL*wd ^1 JJ ^lj l ^4^ r JijljlU iJlU^ 4-^ 

T iijj £ lr*i I J J 1 1 *rf ~t ■* ll L —jJ Ju’jjf 

^JUU ^ ^ ft 1 ,|^C jj ■ ^ ■^_»J l^jiJs ^ J j r v^ 1 J i OLh%J k. l l jpi ^Jiv' U p JLI i^jJtJ 1 

jc^ ^ H l ^ oljij .oUjj^Jl L|x53j o*UjJjjJl ^v 

JUti jl A m ^cS -JjUJl ^ tjfS L*£ ijte- i£._^- ^1 4 jC^a 

t 

elLUJ* jjfa 'H S^j-j til^jtj | j P * 4^l>- oij'UwrJ iU^ ^jic- ii^Ul ^jia^li 

^ oIl^- iLft Jit- jX^j *SlhJl j j jjA l |JL*j . J31 oil? J^*j£ ji-^1 

(y) L*U s^j Beta particles (p) Lxjj Alpha particles (n) LaJt oL -—^~ 

iLfclt iljj ^ LiSt oL^-> jJUaJj + ( Eaton et al„ 2005 ) Gamma rays 

: iJhJl ^jU! Tr A- 

(VO...UJloL~^ + m fJLU ; *- YrApjJljje 

I ^ ^ luJ" 'I j >m.->3 _^JmJ-- 4 AlM- I 4 w^ l Vj ■ l_* 

V frjL 5 ' LJ* Lt + \ T— a jJi 

^ 1 /^y ^ ^t^ t.'.--. 1 \ J !i ^~ . 4 * 1 s—-*■ IJ 1 J 

W-JU j£ * 1^V“ ^ JlLb JjJLII jjUaXSI ^jjVl ^i^i-V' 1 ei-* jJ> •n't '* 

.( Eaton ef ct/. ? 2005 ) 1 1 — 



*gLi JaUsJ 15 >51 


for 

;J>‘>U) i> Jj^i^- 1 ^i-L^W^'L UjiUl J 'l +i U L>jJil]-l ^dLiL I 
Beta Lu> jlJL&j Alpha Counter UJl olJLt Sj^^l *JL* + L^Ui jli^ll jJ-jJULI 

.Gamma Counter UL>- o1*U- j Counter 
JULU Jil^i 1 ! j^ jJLt Geiger Counter US' 

ajlUL 1 IjM\ 4*£rU^L1 J^SJl I4I4 S-bJtfr Jjuiil j 1 ^Lh OjjilJl ^'LJ ol-b^JijJ 

*-ui MJi^u*** olJL>- j 5 ^ Us^ ^i-JU J-£J 

.£U^ 

Odor ? £) 

V *UH ijj-So o' 1 J|.,rt Ai ^1 <^s» r.,rt 4-o-UJl JV* J V j.L>-1 

fiJL& £>ii£ JL^^\ 0^ ol> j: . Vw^ *Ql o*j\j ^LEj JUnJ^j 

L* lJL*j 43^1 ^JaXI ^jUI 4ji>>*£3l oUjj 

T ( Eaton et aL 2005 I Threshold odor value 

(pH) 

li-Lll* (H 4 ) J^ 1 JpsSy 4>jO-t jjJj <M.\ ijjJj 4^c? jj-fl-P- te-jJ ijj 

,>-* Lf^' - Lf^ ijr^-^ 1, 

ouy ^ ^-U1 >-5y ^ i s J -til\ J ^ JUeJilt *Ul Lb ,{OHl 

pi I V^~ ^ JjJ Jl r J i 

US Jjjuj ^ W 1 1 U* Sorenson 4 ^>il ^JUl 

( 1 11 *). *■■*♦*■■ .pH- -log[H"] = log 1/[H + ] 

[H 1 ] j iwJUJl ^bjL& jM\ j-fr p ^j-^l CjL* o^UUJJ &JL* ,jj 

jxJJi J JjlL,’ j) Activity iLLjJU [rf"] >4_>-jJlj Oj—^ \-£ 

bjo'i j—SjJ L jJbUi J-*_S + JUijl 4 jL Uajl >UbJ1j moles/L 





rot 

l . jjl^l ^Jj U^ujSj 1 j llj" M^ ^ jJlj JjwLfj 1 ! 

yfj^ Jj1~d 

U_j—^ J S*A^_j O^ f ^ — jjo tJy* ^ l)| 

^_Jj .1JL?- 5S jLt- <ju^jjJL*|Jt CjUjjjI pH Jl >*_J uLj* Jj Aj^JJL* 

ijJ l OH" J H’*’ 4 ^ F *o hj\ . m m t^ oL^*£ ijJLJlj * JiLfcil JjJL^ 

J-U ^Li^V 1 ! <*JL* ^1 Jiwmlj ^JJl ,j *1 V 1 * X \ -U 4 J Cj^JJ 1 ^- .f^ 

«■ \ £ J l^/U 1 ^ j pH ^*l-*X^WW«j L . V 1 T 1 ' **j~ ^ L-JjjJ Jl £ ^ L^**+V* 

JjVl j^- 1 jl ‘ Ut^jj^-a- 1 ' ^Li^-1 4 >*J P H -51 

* 

0-» <3^- ^ £?~*S J&Sj -Ui j» ySj OjX <v y*j t 

:J W 

Jti* 

pH Jl *ij 0_j^jS *,*'♦•• \ «-U» c p J k jy^otijjil j^y 1^1 

; ^-L LhS 4 LjJ1 4 Jl|J 

pH --log 10T 6 
= -(-6) = 6 

J Ct^Jj-*^ 1 Jj-J"y J-* 7 ^ 01 ^j-U Lf «^| LUSJI J_*i OjJU 0^ JjyjJU 

* 

£ '1*5* ol^ .j^C U**J \ 

[H + ][OH-] = nr 14 

1 ^yu l* 5 — ^ ■*“ £J_>LxU jU i LLiJl iJ.>L*il j ,V—iULl V«$J »■ -1L~H ^iij\& _L>. oj 

pH + pOH = 14 

Cru o^U- JL* 0 jSJ (U) CoU pOHJlj pH Jl £*>- J~*U 0) 

j-Jy Oy-^j tiJJi ^y-£-j iJyl^l (3 jj 1 fl j L — d!j!^y 

.j^-Sl ySji iiyu: 



Too 


»yj wuji j _,yi 


pH-il t/*lJU%>(M>*.'> 

J jJs^ j. o^jj-Ji-^’i o^J ^LjJ ^Uail fljL^iJ l i eJL* ,j 

_SaJi iS^J SjW ^ 4)1 V} s c^AldVli ^ J-JI& 4 j1 ^ jJUj ./J 1 ! 

^JUft i Glasses electrode ^-L^jjl * , fa«H .pH _Si ^Li j 

iJUf j*-£ju aJ^p- 0^/ *iijjai) Indicator electrode JJjJI wJaiJlj 

Reference £^jil j>j * Calomel electrode J*#jJISUl ^_LaJ j (aJIjJIi 

k—USJl C^rt Combination glass electrode v-Jsij electrode 

j; w 3 aJiJ®i +'( V t — ^X Jb-lj wJkcllj 

s 7 ‘ WiiU j\ ) iJ-^3-® 1 Ji i3j^j Uj-J^® 1 

Oj^ y*£j £-* JL<jL!i 3^wi-^bjj .( Eaton et al. v 2005 J Jj-L^ 

^pH oljl 



- pFi-meter jl^- .(V^) 





ro^ 



j/y (V*) 

j*5j J-L^ ^_:^t JjJ^lj .^ ■ li j' iI iJVui- Jj - ** U%Htj 

iJj-%d-J-l j-£xj (pH) *ij F JJ jjl 4-Jbj^j jL^Jl \JlJi pH 

* p ' \ Jl i*]jjl\ 4jJ>£ iM L+f -*JL^j \ * 0 ^0 ^j^aT »*1jJ 

lJI j (pH) (*^J 

,^^-jj.^Jl <_^Vt |*ij .>■ 

wi*l 

Cj^Lxi lLUS^J ( ^ L V t i ) L jr*J 

-pH - meter ^j^jjJ^i] 

i,M' 

p h ■ * Jj-1^ J (w-Jo-l'l ^UiSl j-^4^ ~ ^ 

£*jL3 v “ P H Lr* JW4-' (*- * v L ^swjj.Ju r Jl **J ^ij Buffer solution 


*g>i >Ua 5 wuji j >51 


Tov 

t 15 l i 4 _**i -* k* -■ jj j ■ * 4 - j 1 »^a £_^t ?jjj j Ujt' *lib >■ ■ .> _> - jH 

. i^Li£j jJajtil s-Lilj J ^jL^I ■ UjiI. o'jJj 4 i ~ pH jL^ii I jA^r 

s' *4 it o y Aaj-I jj* 

. I <^tw u 4j *1 lU 'J-j^ S Jjp- j 1 Jbu ■jJJJlfj t uJ LmjJ 1 

^ W~ ^pjf - • <-. '■ H ^ _ ^ 

J* 

^ < J. W 3 U *UAj '_ . W ^ i ! (J—Ju <■ ^jjd Jju ~T 

~~ * 

JjJb£ ^ jJal* *L* |J lajidk ^ -V 4**^ ^ Si . * 

. Juu L-J JWa^VJ V ^U>rjijJL^Jl *LlJ ^ rt r o 
ijjUib ijAfli (^ * Y } & > Y ) 

i ■■! i ^r-^ 1 L»-J ii^ I n C» j^V 

<?yA^ v *LU L^jJj ^^JU* Jj-Jj- gLL 1 ! cif,*UJ tJ-A j 

JU jLi j—S^J lJ SjL/j j 1 - ^.rti *1 i^j- 3 — '■ ji kJJij^j>Jl 

JLftJI UjfiSts ^ JJ-> *Ui C>1 U£ **U1 *1* j ^Slijl Ojtj£H JUjtf 

(Eaton ttf a/., 2005 ). 

wLii^ 

.*Lil J X * h * \ Jh£^j .j^^J Methyl orange JJLil jr! * 

^ ^ \ NaOH ^ ■ .^^j-Lih iJ^L ^ 1 * 

l j»* i _^*- l lJ J Lf- ^ ,i & j^Vt j * * w^ jJ ' ij: > J waJ l ^. ■ J-Ujh 

.(0.1 NHCI) LjLjJ^jJuw 

J^aII 5A^ 

pj^ijl# Y 0 * o_* *Ul i-c- ^ J* ' * * f^yi ~ > 

i ^**‘*"’ k i i J^J ulj 1 J-r^-' jJl-iij; JJj ^ ixi! JJa IjJl oLij 

J u - ^ 1 0-4 5 V^' 





r&A 


iLjJl jjjLJ ~ T 

, £X = &+\J* ^^jjj^i\ ^Vl My ^jiwJ jt s^Ull *L£^ OjaJ 1 ! ^j ^ cjhlJl 

: LM ibUll ^ *ULI ^J- -r 


\ * + * X ^X 


(j^J/ jl ^L£-*JJU) till 4 m£_jap- 


(j^J /JLwwS*JjiJJU*- *^j^ u..LL a) till 
((^jJl -r ^ * * * ) X (^jjj.j.^dJl wL™£jj,JLfJ oj^Jli ^ = 


■JjiUlt j dJLUx, 

■ ^ J^kkMJkl J^y-jJfrjj ■|j J T *i! lJ& j-LiJ-- 

Jli* 

pJ^U 1 ! { *« 1 ^ j-d-H Jl«^j.jJL> Jm* ' *Lil 

?*Uh >_..-> > -^.jJUUU V *,T jA £T pH *lil fljjUd 


((0 */\♦ •<)*( O X T' r T)) = *UU> > ^ 

j-«J ^ ■Ji.'- % 4- S | J JtJi l£. r> . d U i 1 ^ £ 

* <•* = 

Water Alkalinity SjjUl^ till S^APlI jt-XJiS (S,T,^) 

* 

^j'lj ■ jJ jh-j' a L-U ninjJj ^Jl^ ^LLl <^\j JljJ 

l_ 3^vj jjLsil ^*1 ^ ^IwsJ 1 ! oIaUJL^ ^jl^ 1 ! ^Ua jr**J 

iSvJL^x*vJs1 lLLjjJL^ j^JLjJI L * a -^ >m olljiSUJiJU jt jJt& L^L *UJ -bJLf>li 



♦go jg^s wuji j >51 


To* 

4jj^L25l lLi'JjJII 1 {*-&•* } ,3-JjJjl m 15 X ly- jl>-1j^j 3j/ul* ^ 

uLWjXll 

.iJ^Ujj ^ 1 ♦ Jj ^ ^ (phpii) ij^Jlii ^ 

.^l^X* 1 .T{MO)J s iIt y( IUJ J i JJj -Y 

J**" 

iaLA &JL& kJU*> ^ t <J p**' T ' * JU^J; ” ^ 

jLp*- j^4j Jj^jl 'iJjb ill?*- 3 j riViUi 

,0-ULl fc** J jlfljLl wJai i _ r -+*j dUij pH meter jjJl^ 1 ! 

,>■ 4>^ t £*U>^JJ*W' >*> Sk-I^i 4 -UjJ' j*UJ -Y 

-A,T ;►!> 1]? i ; >.jjJ Sr H ^-S/l Jlf>- l J a ^i J OjJJl fw-U’ Jl &jj Ji 
oUm- <j^JLtJl ■■» >■ -T 

: «JU» SbLlt .UJ BjUl J 

\ ' * * ^ ^ 

- = (jJ/ ^LSLi-JJLi) ^JjrL-l Ij-UrLiJIi 

A, g iJj-Ll Aj-jUrLill = (jxJ / <jwL£^Lij1 

jLf^ Jil JJLll Jijjj; ^y> -L-lij oljaj - l 

lAmj* w_*yi o oj&j ii _^>■ jjIa? ^ 

A,o = u]J}lt±\ 

lIijJj j_t- JL^Uij s-Lll Total alkalinity JLJxSl oJLtljLh k^™j£ "0 

f 

: SJlzl^ AbUJU Ia_j q Ii 1 ij oUjj jiy lj olj +\x\ 



’nijU j J* «>*■ 


rv 

'j » « * X .,,^ ^ 1) ^ .Jirt *1 'Ll 

- : - ! - = (jj/ ^ISUJLL) U£]i Lj^Uii 

<uJi ,j*^>- 

I| ^Vl |i ^JI <rJji1 tilt iaJj^LS ijt ■UiP^'^L* i._jf-J- 

T * Jf-s4 s^U} 1 o-Jl£" taLi oJt^UJl wL*J- S^j'waI 1 ^j 

*IJj_J r 0 ? \ ^*>-jij%^|Jl |*aJLXJ /^Ij^^JXn 

Oilj \ij I_<J^:- i £ ,0 J1 ^Vl u~^ j j r J l —X> J^J /^1J—3wJ-a ^ G * “T * 

L-Af *UU A_ Ut oL* jr—3 /0 * * _/*»£- j,^ 1 ! 

jjAifj- ji T * * +MJ\ a^^Lc-U *UJ *^ £m 1j>J 

k_j 'i^>~ <_j jJLtall i Jj_* 0 phph JJb J_^>-j J. 5^ l**U 1 ^ * ? * ^ j^J ^ 

: LKJl AjJL^Uilj Li^Ll JUJj^UJfc 

J* 

ji/ri^JL t. 0 = ((Y * • / V ♦ • ) X *, O X 0 )) = f Ui a^ji-l.JjjutUJl 
Jti /f*X, m,Ye = OA.O X Y,o = ajyi-» ^Uh 

• .* = ((Y•*/>••* )* VOXA)) = *UUJL131 jjdktUIl 
TTt = 0A.0 x *,. = 

till JuJlill £)j>^1 V-ftyti j>4*<*,T,V) 

lLUJU t a jljJI j j j » 1 ^— ^ .j « i-Jk 1 ' o c.^ jj.lS t J 1 - iJLfc \£j£- 

lJ J ±Jl£j ij Jj »JLC- iLjLlj 4 _LoLS 4 _>-U>-^jI V—f Jl A-tti K^ l j^-'i X*fi- L - J^: 

4-Lli j .(Eaton <?/ c;/., 2005 ) JjL j I jAjJ 1 ' 

< «-Ll\ j eJ W^-J^ULJ jl i fcJajJ'i J 1 ^_L) < Ji^- 4 m«> 

jJiS* i]jU J] Jj o'LjLsJL i J k SLjLj 



m 


*g>i jiiUcs s« 5 uj' j >51 


. NaOH ^v*Y J>A* -> 

.J>lil ■ * j JJ-iJl (V* Co-^ 4>~^' Jjk “* 

j**l' i&jfc 

J-** $ • <•_*- 3jj> j ° 'i—(*-*■>- -^-id “ ' 

.(jjJlij u JJ.> Js5JU o 

»j^JL)5 ;j gl" ^ **■ Im J I i II NaOH ^ ♦. * * j^LjJ “ T 

1 * * * 

_ xu^‘,‘Tn#oh ( w»^ = (>/ ( w*d-)oo J j e ? ( ; 

Ju* 

( ^ 1 a * T ) ti 4......,.J> jjJwft OL£j 0 + *LH <jup 

■ i p^ph JJo J f 

J* 

!,£ = (( 0 «/>»*• ) * ( fc * *,' Y x £)) = COi j-S" 

•uu aju^ii (S^) 

tWA** >* (S,r^> 

‘ (NOrN) dJ^rjjn^’ yf*J JJ* 1 * 

<ajj 4^n^.j 1 ^ jd^*’ \S < (NHj-N) 

C’l Metcalef and Eddy Jti# (Total Kjeldahl Nitrogen ) (TKN) <i£j^>-5 j 





n t 

i * AG StLIjm j^JijI sLl (TKN) 

'f ^4^51 h J^^ 1 l jj Jm2-' ! |>+-»J -^-j /" T * H .,.? J ^ lj-L I Ll ‘v^-'l J f 

.2004) 

j 4 _j- VX i h*-j- ^ T £ ijliU j.,h ■£ - n ^ ^ 

jA4> J-* ^ T l ^1j^-L; LgJ) JUy j-UJm *L* u L* A * * kzAJj^S 

ij_Ujj jpJ}\ J—fnSjj <i ji!l *j1j^ ,ji j^jJ y 

,^T * ^ &J.j k-U-jJt 

Jy'-^l J-' 0 * * <$ J-k 0 ^ J#^ “ V 

JjJj£ l j-* ^>s_j j jJ«Jw *L* Jpa G * 4 ijUist; 

,<-JJ -M iSj *}il O^JJ' jt&t j*- £*.• T 
<j*iib j‘j/1 •£ : {Jt*J *—^ **r-S*jjV 1 Jjl* -f 

jjai. s-L* t) 

J- > * • i) J^il ^ JJ^ ^ \T 3^ :iJ^' JJoi' —i 

(J“* ^ ’ * (J {**?" * (*^ ^ ^ 

(*Jj ^ ■ r' 3 - U J-* v » : V* V-^ Jj^l Jj^ 

T d * J\ ^whti-l J-*£*j *, ♦ y fJd’>_>->’ -*s-^Jj4}* <> T 

•<5„>W i3jj-> j 

*L» J_* A* < j dLjj/ J#-**- (*^- ^ * <;1iU jJiA :Xt -# 

J! r^-' J-^dJ J*k J-» ' * M siUu ^ iij5-P pJ jlai* 



*g>i >Ua 5 wuji j >51 


rvr 

•-• , 'W 11 J" - '■W* “■' 

t * ju-jjj *ul jtJji ji j£^ j 

J-" JjJ^ <da—lj* J. rt iL l LjLj^ ^-Ijj JJu \ * * ^1 J_- 

*“^- f ^ fJi^J-* ‘^'-'XJ^ (*^ V * 1 ) £_ *. * T pe-i^l 

■<>M 

J-a 1' iA>jk 
-—a* :*l/jl 

ijUkjj y* o * * JjtlJiJ^ Ji j,jj- ,j p-ULl JvU^ jyi o * JU-jj ~ ’’i 

. jplal* *L Jjb. If * * ^Jl j>- j |4_^a* J j\jL J** 0 * l^JJ 

<jL|j wL^- L^-^J ! p nV?fc <bLgj t “ T 

-jaiii *uu j* t • * JljJU j&\ 

-f j J J j Jl A 0 * jjJilj,^-! j Jl L_jl r/3 _! “T 

JaL^-j ^jj j 

j)axA\ :LiU 

J* lab Lll JJjJl 4_Jj i-f ■ j u*—^ J-' 0 ■ ' 

.JaLJ? yi^ J>J t>jijAj1 £>j£j (_^* V 0 • JlejJZ 

ij U ft ■— ". ■ 1 ^ ‘■j ■ I V ^ J~~J » — ■,■'? ’-i—*T-[ ^J | ■ ■. 1 I ^ j ^ J, - , H ■ N .l |pi—-—J ^ 

(j ***# *->_?? v i y^v j y* ^ * * ^3 i ij-^“ 

■jU ql 1 f'jlL i ~LI 

^IJLpwuLj- y^HJ>- Jl iLll-u-J.il LjJ^S 1 I -T 

oji ^ 1 1 + T 



ii j*j if ji «v «>* 




( \ i x «LjL£ x pj>>- )) = (^LSLSl 


(( 


-r \ • • ♦ ) X 


jrf' 0,^ x iJa+jL 'i ^>o- - 

<NH,-N) Li r *Ul jiJiJ<A f r,Y) 

lJj^j &h't7 ij t ■/? H *-3jhm}\ eL*j jji ■ *■ H aLH Jj Uj 

■ 1 I I I' £- ^P^ l jC ijh |_T‘-.jjJ ^ lfc_^‘ L .'.J *~ V. ^ J ^ jj^“- l ^L^lI I_i ^ . '^ ~ ^ *''• 

JJL^ ^J'lj ^jjjSUkl J^UlJI L _^swaJi kJ*L* J Lij^Vl jwj * 

^ ^ fibril J ^ k I 

jj-j-j o^j t ^J/ ^jiJLb T * jJi£i u ^-5\J k-jj.,^ '1 #L*- j^J/ 

w&jnrtjl *L-C L^J jJL ^Jlt JpV-J 1 ! iJ^SX ij^iM jUX ^ tlX 
p-ij U-L^JjS j **Jj (NH’i, NHs) ’■** C^yjj^ 

3 (NHj) yj flX-lj iJjLaJU is L ^’ jti J (NHV) JJ-^-J jl JjJ «LU (pH) 

.^vLt-Usil W i ip jJ^ 

(ij^Ji u^ui) jLj Jji* ^jj^b ji^Ms ikj* (\ 3 r f r,\) 

[Maili, 2004) 

0^1 j£Jt 

Jj_- N ^ ■ lJ ZnS0 4 .7H 2 O ^ W JLISL dfcjJl JjK - ^ 

*Ul ^ 

f*^" ^ ^ obl ji^ "4 ^ ) f "" ^ 

, *U J- ' 1 * ^ 
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no 

JjJ* J-* 1 EDTA ^ * 5*1% :edta ,£-« juJi J>U -T 

.>LLL- ^ • * J! {4^J-\ 

:( KN»C4I1406.4H20 JJSi>j Jjl* “t 

'^•Vl liiUliS £Jj3~ ^ J* ' * ' 0 * <*'% j-^ 

*> 

UJ3 v»£ j KI ^ V« < HgCfe ^ 1 * • il% ^>4 :>-i Jjl* -• 

^ NaOH 11* 4-J JjIj JjJL^ 1 Jl J?iJLfc ijl nVa < t *i jUal.l *lll 
j £--> (*-5 i®’ 1 — T i Jl J-Xj J^oIa »UJ^0" 

*fUa&MpVl JJ i-ij^ 

NH 4 CI j-A ^>- T>A\ ^ idjL ^ j* (Jj^ ”1 

,( 1OOO ppm N ) jd Jj ^ \ * 1 

j! ^y* J*^ 1 1 iwiJ^w -V 

.( 10 ppm N ) jiM 

*£ije 

JjJ^ J-* \ L§JJ JUuj i3jJ J ijl *U.I 1 ' * “ 1 

■JW^ 1 ^W*^ 3 ^ ^4*9J ^ ^ l_.- ^ ij^- 3 

r WhiiitniEin 42- ■?■ j,. j . v"L* 1 *! 0 pH 

41 m ^jlwJW J ( l J-^^ * ) 4 J—* jS.JJU- J—3-jp -Y 

* 

Jj^ Jai^j 4l aii j\ JlJLjj J^JL^ |^ -tLii T L|J| Jl* \ * * 





m 

^ |p iiAg r^ i i r ^ JJ-& j i ^ (J ,pj ^ i*J^Wsw —H T* 

.jiuJd *LlL m^aJI jjj-Oli l3 AaSv s pl-L^-HU 1 ! 

1 1 * lt^J^ 1 ^jH* Spectrophotometer jL&* Lf JL* JjJUl \jJL ” i 

>,T * — *,a * a J-^J £j\f-t Wj^^J <^—"1* <J—**d “ fi 

: ijliil JJjlnil ^1- t piXiiU UyVl ySy l»<4 j • */ 

l_La^xJI *™S x ( ^LSJl ^jfcfcJL 1 ! ^) jjJ / pj>JU a^jJI _v5jJ - jJ / |^>iJ> j^y 

(no 2 ~) cut# jd^«j (^, r, t, y > 

; L^fT i ^ 

Sulphsmilic Acid UJLUULJl plbtetewb jjA&Jl SJL^k — \ 

J 1 I *■ ** ^[ ■, 1 ^ 1 ! ^ h^U 1 1 hr*- 1 ^ ■ j I .£ ■ - - ■ L ‘ ~ ~ ‘ ^ 1 ^ ^ ^ 

6 £r ^ n J 1 ■ jJ 1'~i ■ ■ ■ 1 4 ■ ■ I ^jjj i M ■ i^aJI i u !- J^_.> I j ■ h 1 1 1 ■ ~^- ^_l-- ^ Z'' 1 ^ - 

# s 

ijM Wlj 1 j-^kj - vb^ 1 *W^ J ^J-^.J b^J *- 1 * * 

,(Eaton ef ai., 2005 ) 0 T £ *jOi ^ 

:AaUkUm1^ 

.j^jJU 0 T 0 i>-j^ Spectrophotometer ^yjJJI jl^> “ ^ 

.^j-n o * <***> ^ 

dlLiUI J\ wjl-b !Sulphanilic Acid kLU^liLJl } Ja?' — 1 

i h -~UxJl £-j* Acetic Acid i Jo-±>- J_* T * ^J1 ijUia^ pJ 1T * 3 

,(p°l' ” t' ) 
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T'lV 





■:Ae*tic Acid iW^' J** ~T 


, ^ jIlLi *U Jji \ & * 

J«* ^ T JL^jj : A min e Snlutiiin *}j^ "IT 

{Amino Naphthadene-7-Sulphonic Acid) JJUjiJL* 0^^^ 

jfl j W jU *HL 0 ' JJ ijj-i-il 

*p 1* -i* 

JU-£ :£ s' jtf -t 

.jku*UJ,W Jl JjJLJii 

: JujjJi iiijfc 

.-dJoJlfr J:-!jk4 L(j 015 IjI aLll l!jL*£- jil-Jt/1 “ \ 

J-4 \ l3Uam ( j+J J*a * i*-MJ ^jL*» i3jjj ij »UL ^ Jl> ^ uL* -T 
^ iillULtJuvJl ^* h \ tlL ZjjS 

iJJjJI Jw'l Ji_*>J d±J juLLwV LLL 1 * >■ j-* 3 s-J l „rt _i ^4_J Jp LI J 0 i jJl 

J*"* jd^ 1 ^rdJ 0>U' JJ& J^i ur^ Aj*J J 1 * 6 * J) iSJiA' 1 


.<iij \o 


* 

<^3 juJoJ OjJI i y<* V-JL^ jJaiil *Lll £_* <JLJ1 SjJai-1 ^lXj -T 


^JU. 


43L-0j 1 j*J-jt JLfclU 


-O-Li^ 

c-^yui T 4 T 7 i 4J- 1 ! j L ^HnUi J ji^ — £ 

jJsa* fr La J^A + * ^jUaj ^ j,il \ <*** i^j'uj^ <J 

& k cJ' i-Lfc ^11 rULL |*j»iJ-ii 



-J d 1 «>*■ 


riA 


OjLjw d. jl j j ^ ^^jLUI JjJtil y* J«4 1 * (Ail l £ l V -L^Jj ” * 

\ 0 ^JldjJJ 1 ! Ji*a^ 5 v iiLJl JJlil 4 jH*i LfJ) oLaij 

r *l3:> 

h- 


,-W ^p>jJ U 0 Y ^ J ^L* fSjjZ&***Hf jl§^ W; ■/* jflJj “ T| 

jj-* ^X\ otu^ ij l/* 1 ^ 

jA2" «4 jJ» -Y 
:<_iAlij^ 1 

(Gr. = \ ,V ^—»'>r t^j—o) tjS'y si^jji-jSjJjjVi J&*- -' 


ja*> J-*Y o oLa*: yifj—■', 0 liiejji—<jijJjjSi , j<i * —Y 

J1 JaJj^: /4_J jJlio Ji_j* 1 0 * JJ L^?U y£y 


*dld JJ Y o * <*+» j,_J! f*-S 3 j\j>- a>- y 

*1 ' iJdj Jj-L^l 1a> Zs-Uj Jai^) ^ladl\ 
J-4 ^ * * jJ^io *U J-* A* • J) oUaw :£)j—Ul -L.fl —f 
L-Lff l_^ju of jlaj ( Sulfanilamide ) :uJ JJliJL, ^ 1 * j dLj^Liy yjj'J I 
jr«rt(N-( l-naphthyl )-ethylenediamine dihydrochloride) ^ 1 kJUo 
3-d ^Lw? j ij jWl *db ,j!l 

Uib yzJ± (jJ /N WO ^Lili C-Jjsj -£ 

<L^-j,j 3-lI ^Lif) jj-aJI o-j('<**■Y iv,MYY) 

J^jj jJ w- (/jWv* lJjj-J Jl J>Ul JJ^ (*} *U J* v ° * ^Lp- J (f°' * ® 
. ^°0 — °T ijt j?- Lf JLfr <-Jj i>-U.j j ]oa£ *llb jJ 
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rn 

>a^; :(N-lppm) ^UiS' 6 j> y J^U —« 

* jJrfwtXw-; 4 _«^AjJLS Ji_4^ji _j j5lJ 4. « _> » ^^ (N-ppm 100) J 

jiJiJl iijl? 

J1f° a S' f° T 2 j'>- ^J- 1 (_P «J*P' »Ul W- ,>* J* 0 J^i “ ' 

^jJIj O^U 1 ! ^ ^ l$Ji sJU^J ^ & * <J^MJ i^ jLa* 

,JiVt Jbu^l^L -T 

* 4jVl CjLo^ji^j! J^\ -+Zj Jh-^ “T 

J_^b£ J—^ 4 -*jUa* \J ^ ft t ^ ‘ ^ * 0 (T * ’'i 

T * -Am Oj-JJI Ujj ijij^ ^*-^J (1 ppm.) ^nuLiJl 

,J^-yu D £ * £>-j^ J^ Jjftl' ^jtc* flJLS.> 

Nitrate Deter nun at km CNO^) OlyJl jiJiJ fl,f\ t) 
$ (j-^ 1 Jp 1 4-Si j^L* ^^-i-'l <jJkjJl Ajiiin. ^ jLll 3 C jj I 

lhJ j-iJ 1 ! JiL-* 3^1? (i y^ oljXJl ^y ot+? 0^V 1 ! Ji^tj jlixil 3 j ^f\y*JULo 

oUjJI ^Li?j1 iJ^ >3 _£j-aU .j^j T 1 Jtg*4i_^U 3 

jUL*Vl ejVj Jp* 4 />|^ 4 jy j 'j-^ aL^- i3 

^LiSjV 4^*^ JL*jJ *IIjT 3^^*^ Uj-Jfj^dlj Blue Babies 3jjJ - 

(WHO) tLUll i^wajl CjPj' Jij ,*Jjl J Methaemoglobin L^jJbj- j^'JLU 

j^J /,*1^ * ^j-a j^£\ ^U- uJjX^ wj^ ,_y wj*L* j-1 

: iJbM JJL *U1 J ^[jJJj^ ( VX Jjj 3-1 ) Nitrate-N 



j j* j «>* 


rv* 


Phenol disulfonic liLijiLn (^b Jj^Il ja> i-ijUl 5i^lail t T, i, ^ ) 

( NOT, ) Jl 1 ' jjJtSl) S-jjUl iLjjaJi 

#> 

: ijjUJJ UJ» 2,4-phenol disulfonic jil j j^yjl iilA- 0>jj£H ejj 

0,1)... C <t H,OH{HSO< ) 2 + NO; C 6 H 2 OH{HSO< ) 2 N0 2 + tf 2 0 

JJ-C-Uco UJL.LC. ojJ 4-toj 

Y , £ 1 JJ •■» ) l "I j^j ‘h _ a -»l 

jU ...1j. .10 .. j' i tl ^-nitnn-i 2 4 phenol 2,4 disulfonic a™ 4 >_ ••■! 

j—Syj ^_to jk _0J—Ul ij iJ . NH.OH f J—J^.Vl JU_£j^JL* 

.{Eaton 0 / al., 2005) <U*J1 j oljiJI 


*LiL-> Jji-Ail oljjJj *1Y o : Phenol 2,4 Disulfonic Acid - \ 

J ja » L ~ - ,j»* (J-»V 0 jS jll i .*U^ JI i j* ) 0 • ^ o 

3jj-> j ^ ’“.■'J' 1I.* 


(Phenol 2,4 — _h SjL^f- 0 j_£j l [^sc-L-» 3J_l ^!—<■ > ■ j y 

.JLj o-L^J j j (C 4 H 3 OH(HS0 3 )2) Disulfonic acid) 

r* *,VYY\ JU-Ji w* )^-Ull JjUl -Y 

*, ^ ^^Ic- l ^l^ i >- j . j . * 4 jw AJU 3 KNO$ j-jl oljju 

cd j* j£jc- iSu&j LiJl JjJL^l iJLo (ppm 0jJll j «Js»- \ * *) J-» /N fl^jJU 

/N \ • ) ^ tito j^-Vl o/j * * J! 

.jsJ / ' * < J* 
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rv\ 

^ ^Un Jjlii j* j* \ e . \ • < o < t i^UL ii-jj -r 

•^b-^!&>>-Lil f ^*Vl j-* ' a * < > * * < 5 ‘ * T * 

ijjjLl J_i>- ,j >jJ Ju* \ 0 i \ * ( 0 < T iiL*Jl 

.lLL^JS j4*^ ^ Li- \ rt4■ V* .^Lt- jJL* p> 

Jl ^ T ^ wiUtj *>£ ^yi-1 4r* " 1 

jj. 'vJt . i jJdi k_Ju^ l! ^jr^ (C,H,OH(HSO,) 2 ) 

^-a«Al J5* (J-^J ^ ^Jj-iL* l£^ u h rf? ^"' 1 <-Jtrf 

ijLJ 1 ! tli 1 ! Ju* 'l 0 JJJlL*! J-1 k—?1 .,Vl j lLUj wUu JjjLjJ \ * ajJij h*JL£ J_t-LeJl ! JLa> 
* * 

. ‘i 3 iJb Oj&i ,^^11 J|i 31 ki-f£ ^ *iJ-*r^ wJLiJj 

u _U *Ja^ Lj ij^*Vl jj-ut Jj-1^ UU /v^ii-l ji^J 3^ JUu ~ o 

!j_fl SjLjJ '-jUd-J ^-5 \Jj— Ul jj fiU; lILSjj LjjJj 1 0^ 

. Lj'^a^l ^L^-vii'jji j 

jW^ j^Sj l?Ajj* J J*' * 1 J) JJL^I -1 

+ ^*jjlo i T * Colorimetric J\ 

etljj ( j*JjlX[ ^ / T (3JL? i_r^ "V 

ppm _Jl airol j-jT jl tl jp.^ SjLj^ ur-^Vl j_wilji Trinimisaion J\ J,L^J->i 

J +*iJ 

y y 

4iL>U jHsk^j *, X^Sjj^k "A 

.(If: u *m & Jj* Jl JSJLI f^V' 



j j* j «>* 


J**' 0 • «*- J ^ o-* J* -^Ji 

*4ijJj^ Sjlj^*- ^t^Jl *iJ^»j +k ^U upi^ oUA- 1 ! 

Ljjj ^jh*jI^J\ ,dL^iU ^b J^aa) 1 .jiarth^- i j^ Jyfl Y' vj l ukj ~ T 

. <ob jO jb ■?a ( J^ Y * jLiij i ^j-w* jlx) 1 ! Ljr Xp-- 

ojJi ^ { Y : \ ) j»^Jj-* I Ju*«^jij-UA s-Ja^ ■kJI-Jjw “Y 

.^JUy-ot OjJ j>j*fc > 

4-a^xJU u Lw - I * * < » - > *' (JjJ^ J* <J_ji^l ^JJilJ _ t 

W^i £ji f“ ^ 

irfjLLa J-*J >Lrf t ^ (J^Jff L' p- S-L*i ^jrf'lJSj jW “ 6 

■Blank Solution JUU*J1 

pf i« 

i^l 1 1 J» pj j v - ? *£• ^| ■ ■ ■ ■ ^ J ^ |j Jj_JL^ . . - ji! -1 ^ 

.*li1 a!j^ cj^>! oLL*jl 5^ ij-^ 1 j^-L 

VU"! iijfc 

0-* ) ^ ^'j^ 1 J-sfj 1 = (r- 5 ^p^O ^ 4 ) ^\f^ ] .j-^J 

( iuxJli i ^jW^' t3jj-dl (*!*■ ) x (i t ^' ,l, c£N 

{ \ t f jAff *U olj^Jl ySj ;) = ji / ^il5UJLU (NO r N) oi 

Hydn^en Sulphide JuvjS (^ ,^, 0) 

^ ^^ * 1 • - ^V j^Ljjj ^ 1 ' • ■ ^^bJI oLmpp| 1 »V ■ 

fj-J" ^- > ^‘ a - ! ' *zAstji?j* 4>^ <vJjiUk ^ 

-( Maiti, 2004 ) i£j\ U£1S 4j ijSi\ 



rvr 
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^jwrYfc.AY (-.IJLj :£«,* to fjjij-fl-1* W>'- SijS’jj-S 

* a \ *jiJj I L |-^ iwik£_^ jJaw> it La J Nj^SjOj, SHjO 


“ Y o *) Jj —j g ij—^j * tJj-JL>wJJ 

-<J*' 1 * * 

|3 l -U T * '(£_ 4 f ^ JjJ l T 

->j^l oljjj JL*j t JjJ-1 jj-j* T, W tjLiijj jJajtll ,y>»* 


. Lijj I '-S ^MvlAin*wi * jjJ I Cj'C^jS JD-J >_JZ j]jj ij jJL^ l rfc^U>- 


-C&j* *) 


V IL :X^ ui— 

JlA> Js-JtJvJU_;jk}1 Jj* isU^ <jUkj t 

*jnfi J ,>• J* 0 * * ^*- 1 t3j^>> J " ' 

.iwJ 1 ! Ji Ju^XJl *jUjj T 1 — 3 

,^T * ^ct-1 jiw *U oLk "T 

l>jJ *Lix>-1 JU^j jJ-1 ^1 ^ M C*& ^ Jf> T + * — T * 1 oUk “ i 

^^ T o !I \zj { ijj.S^-jf Jj_Jj^ a\i .i-l lIjL-j l jjL ju — o 

Jl l ^ f £ J !uJ1 iJ^~ ^L^jJI fliajL ^>- ^ Lijjl k^Lf^lS* ^1_kkmJL-j-Li 

.ijjjijl j+jJ^ 



(3 J*j {f J* oV ijyr 


rvt 

{ i^»Jl 

■ Jji1 ( I 

- J-jil dj-^- (y 

' f -S^JS? (^ 

. j-^J'^ obajr^ji d_d^ O 

.n = c^-sa]^i^i 

(Ingraod etaL , 2002 > (BrO" 3 ) CJUjjJl jjJtf {VT,\) 

( B 0 iSj-^ t J^ir 9 ^ '^r*.j* 0^ 

^Ur ijj^£ ^J1 &UJL! (Oj) Z-X+& ^ j* 

■JcAr^Vj t O^J 1 Jj ^ L b^0W%4*J ■■fl-rS^ ^ lr*-*ji \ fl Lji i *■- .■■^■^* 1 J -i *X| L_j|!^rj ^ 

3 Li \ (Jl 5 Jj_J"^ll vLj ***-£*-* LT^ ( BlO 3 } O IwD J^J \ 

lj-0 JjTj fiLil OjijVi j lL? it UJJ-Kj. |^-Jjdl JS LiJjrl-il U^JJ-jV 1 ! 

-i*>jH^1 ,*ij_* SjL^i *>-J^ 

J-?-^ *!j ^j-i 3 ^ V (Br) L^V 1 ! 4j j-jw 3 u-L- J_jLijj F J l i j^aJjtj- 

^jLc ul «sUll jjL^d-a j-a jjjuil j L**Js 

Jj^£ L(Jb^ sLjil sLJ.1 i^j\S jJ^ L ^L^- ij-Ua^ ^W- 

i^L^V* Jl ^j-* J\ | i^ >T -k^^ L ^y i ? 4. : 5 i r 

/I l» 

LjUmj^ IjLa* (WHO* 2000) <il*Jl 4^^i5l jJSJj hjLUj^J-L 



*l*Ll WUJ 1 Ji 


rvo 

Ow-Ajji i >/T 0 J^jfc fiL* J O^JljrJ 1 ! jj-* ■■■ U 

L_J*L1 l^LL^I \ja J IJLfc J^Jaw- oli^slJ hJU io^iwJl ^^J 1 ! 

( ^T ' * * i ^Ullj oLUjI^aJJ * # * > jjUaN sLoJ^ 

•j£f '' JijpJA Ta !>■ ^Wljil &jJ <i-s- 

jtJUWl UiJaJ ftjSCaJi 

J_Jj- *1wlkL*#L oLbj^JL ^j^lit-1 U j_LJi ijfJ^ Jri- J '—Aii jjf* 

jL^ Ha-tJ ^ Ojifl >Absorpance 4r^jj ^Ls p-Sij 

i) jr*y^> ^ 0 .r+.yyj.j£~r* x 

•J^J^ vt 0 ”*^° Ok c.J*_ri </tv*Jjk 

.Merck X ^ ^,A ( KBrOs ) oOtj^j ^Jta - ^ 

-Merck V HC1 ^jjJ^j^ Jm*>- - T 

.Merck (Methylene Blue) Ofrk~^ <3jJ JJj ~T 
j~aJri :{ Stock solution) ( ) ♦ ♦ ♦ ) ^»L5ll oUj^JI -1 

*U j\ jkSU#111 j (Merck X\VA( KBrO-,))^J1 *, \T * iliL 

.J-j ^*j \ * * kv ^3 JJ^ ^l-^kLwsiU 

j, ^- -L.. 1 j**! ^ t \ JlJj lJ^I^ ^ 

ji j+sL r 4 jsiii ^ j)^j ^ j«ii all 

^[— J Ls^ \ jp iyT ^ t i^r-^ l . Lejc- j- ^ ^ “ 'l 

Lt C £ Cj—4^ jpki'i ) ^4_?vk ^ * * * t*, 1 L-tJl J j 1 ^lJ lp-L^wvU twLjJ^1 

{£ |^l T * j l y * 1 \ 1 1 0 (Bt) wLjjjjJt 

.» 1 * * i**g- SujLjt* 



(3 J*j {f J* oV ijyr 


rvn 

.jlJJJU G *jL+*f jJjl^iLSl ^y> hJ-Jj- ^ Nova 60 ^ jJJl jjrfLjtll Jlgj*- “ y 

^JulU Y 1 j i \ 1 £ 0 l T olS oU*U "V 

r jLxi-1 ^_wljt -Y 

. j i TJ.JJ. j ( ** 1 j 0 1 * i 1 1 * <**¥ 4^ La* "" t 

Jk*Ji 

( 1 EjJb ) u *■ LaS i ( jJ^h^ 1 i JhjJ 3 JLhil J[J Li 1 ^JULLh Y * — \ 

^L-^1 i^Ui J ^yj 

T ^rv hci dL^ JJSI Jt ^jJuiL vo iJUa. -r 

-Li£- \ ^piLLj jL$^JJ ouLSI ^j_u.LUl 4 -Jj-- Jj ^JJlU — £ 

v^.J^ JA 

) i^j5 J$ }£j JoUfl jl^i-l ^Ui ^>w* -0 

.( 1$j ^L>iJili ^iaX- Sj-gj-l 

j j— haJ I jJJJu. Y * jl^Jj & LA. 1 ! oLl^- J) y£j> ,jp^ LD — Tf 

J-** J 6 Ji T ‘j^ 1 ) 0-* W* i£j& (*-$ -Ar*' 

.s»i y j5sj j^uai ^ui Lf >ai jic. ouii^at jj (^uj* 

Water Hardness Determination *ll' jf»*£ *T, V) 

^^Iwj'l |_ f -i & *U^ jAj S(jft jW ^F**^ 

(Hard water) j—**Jl *L* jl s jl a^ 

: Lftjb jUy ^*Jlj HCOV S 0 4l Cl, NOj Ca, Mg, Sr. Fe, Mn> ^j <J 1 S 



rvv 
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Temporary hardness oSjit (A t T, V, >) 

bj~* <jA* fj~—^ j' fj;—^ 0“* V ~ . —'i 

;{ * ' V <( 4^)^jU\ 

(^ Y).Ca(HCOj ) 2 —2-4 CaCOj + H 2 0 + CO, 

(V A).Mg(HCOj) 2 —MgC0 3 + H 2 0 + C0 2 

JLAIjSh 

■<Jj^ *► *' L r a * 5 '- ~' 

,X.,.T -T 

J*a)1 AAt Jo 

J-*' $ • <*-- js. tjjji j All Ojp- J-* i 4 -T * >>.3,1 - \ 

jj'uJ *J JjlLll ^LSjjj J_Jj ^j_h J tt _55 T 1 *' '*-’ 

jjili JiiSjJi fj*- 

s_~*^ fj*—)L? oUjjjS bj~° uA* J —^ “ T 

^3oL*Jkl ^ 1 ^ J CvflCO^ 

:JJldl 

( ^ LjUt- x iJ ^J^ , i )) = oj^I 1 ! ^aaSI 

CaCO^ jl / ^*JU {{ <u*Jl ^ ^ x 

Permanent bardnes* pj\jS\ (\ t T > V, Y ) 

^Xfr ^_ ^....ij LS^J i klr 4 ^Xjb is—-^-K ^ 

^JuLjsjC j\ 9 jj*,& 

:(* ■ V ^ } dJjLili ,j: L*£ *LlJ 




ii j*j if ji «v «>* 


rvA 


. CaCi 1 + Na 1 CO % —► CaC0 3 + 2NaCl 

* i£j\* *■* ^ fji*** 4 ^ ~ ' 

*l fJ** *>'' Adj^j^-V 1 J***- ”* 

.X*,.T JelLU^JUSjiJJj -r 

Jv«JtSl ia^jt 

J|—■ ^ 13 jj j * LA l ^jlc- _i £ * — Y * JU-^j — ^ 

° J Wi? *^Mx/ 4j-^ 0-* J-* * * “ T * 

J£ -r^ 

i3jj-J-Sl \ii\-ijfA ^jLiM y ~T 

^ ti oLtl QL L Jl *-Lj^ j-«Vi LalS* j Lj« «-l» oLi>j flJLj ^ V» sui O L IjJlS 

•J>*i 

i_j( j J L sx.J £■» iijj ,_yL^ oLjS^ — T 

Xju Lfl^LJU lw?lj_* PvLP U—JrfljJi JwJJj Juj T G * <*_WF ^jL#jH 

■ 0 JU^j-hi 

J-k ]aZ T l*JJ <JU»ej Jejj*- 1 JJJJ j T * “' * A^Ji “ 1 

C>jDl J>»0 1 _y' >_ ( ^ *, * ^ ) ^lIdJ!>^JJ->2rJ^ i /* -* ^ * ji^J ^1^J{ 

t( Jjo ( ) = iLjJU oljaij NajCO* 

r[ ^A { ) = a^Uil J J^xtvJll HCI 

^ — ({ ji\ / To* ) ^ ( i j-j )) = 3jLjJi Sj^LJl J **» A -\ 
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rv* 

«♦,»>*£) - ( *,* > X^)) = jit Na 2 CO, oWl£*JJU Jjrf- 

0>= 

>J / CaCOj ^ = ( <>n /)*«')xt.x(j)= jJUJl 

Total hardness (V?>V,f) 

j~v_>J'! tJ^JU J Ajl-jJ) jm*i Jl £&>- 

Na 2 . EDTA ) f Uii-A, *Ul j J£JI 

;^a_j ( M 2 ' ) 4 y « l l cA»j^SH{ 

Mn 2+ , Fe 2+ , Sr 2+ J Mg 2+ , Ca 2+ . 

ji-tJUld v*'—sJiUlij 

M 2+ + Eriocbrome Blavk T ( EBT -)-► M.Eriochrome Blavk T Complex 

M 2+ + EDTA —► M.EDTA Complex {Blue) (Maiti, 2004 ) 

uUUjSUl 

Ju. 0VT j NH+Cl ( ^YV,t U >\,:(pH 10) ffc—• Jjl* -> 

■jrJ J! J>*' jS> NH 4 OH 

^ ^ ^ - ,« *iifc >** :(EBT) j ^ J*k -T 

.Jjjliii J' > ' * 

♦ r 0 :( ^ * , * ^ f j-J^I g* “T 

(*-> ( j ~i-> «> ( j-« 4 )-" ^ * j 4>J1 luU^jj£" j-* 

■jr 1 Ji 

^r.VYr^GL^^ :(£ «,0)EDTA^ -ijeai'Jj—^ -I 

J - ^ .J.i 4_jj I*--** *j j“. iH ^U-iSvj ( Na 2 EDTA ) 





va> 

^JJ*- <) ( J-* ' 6 -o ) *Ul 5^* ^ v —L. ii-jj - \ 

+ Jp* \ 0 1 

+ ia*njJl ia^J f pH 10 ) iJjJb£ T cJUaj "T 

.ebt jjj i»is o - r jUj -r 

djJ ^ " ► 1 ^ JjJl^ >L ” t 

X^) i>-UuJ( lAj -U-jSj <J)j^-Vi j* JJjJi 

<J> j i » . l t ^Jul. n . rtf J^aLuJj *L* 'b JjbLi <U£- — o 

.{ ^) U-U-Jl SpigS 

.J-# ( g^J - Jf* ) = Z^*£- Sj^Ul ^jj ^JJl rjjiJl ^ ^ 

: SJUJ| jJjUU J—yU> 

tt i^iJl ^i>/l h * h )x &* ^ "^)) = (j^J/CaCOj je—i-1 1 ! 

Organic matter SjjJ ljll , T, A) 

i'ljJJ j^w *Ul1 OjJu ^jJU- ^j-UcJ 1 aJLfe 

iiiJI oUUi£ j_js <j^‘uJ | i JjjuiH oUS*^^JLLLvJI oijUJl oL^U^iS' 

* 

V? ■ rt *wJL*J- g_t- iJ_*i V* jJ-L-ij! ! .J_t ^ llv '—fcS - ii^ 1 .' ■ /> H g,rt «1Ji 

J Sijw^yJ Sujjawul il j-I 1 gwJ ^wj L 4JU»waJl 4JU.I qUtW ...U Ji Eutrophication 

J—^ i£j-* J—*L-l 1 ! 

LSr JU L jJj_£ V + ^LwjgJl 

■ Ufr- ^j ■ -H *i ^i L '■'» fa '■ J^. j *1 L -— ■* ^ 1 W ■ ■ ^ I ^ *— 1 ' ■ ^ ' ' '* I i Ajj l|rt * ^ d ^5 Jfli ■ 

.( Eaton ef a/. a 2005 ) g,^O 
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t r ^ K-MnOij ^ -J -lLj ij jJj£ “ ^ 

Juu ►U.l ya > \ JS KM11G4 y ^>T,Y ^liL >k£ji 

i^tLjL >^ljajl ,j Js_i£;j Ja_vuj J Jj^aJl oVL*^ ^lA^L-uiU 4 _Xj^> 

> 1 Ji^J -1 (J >H 1 *UL 1 y J- Y ■ * j JU*^Vl 

. L T: \ — Y 

, / ^ 1 J^jU^ -T 

: £* ? \ * Na^SjOi;. 5HjO \ oily? iJ_>- “ t 

(*JJ oCjj> y* 4 A j fjilj+ai) y ^ YD *jiijb 

.^^UaJi <j £>yj Ciy^z jju >*Ii >^li ^ili y > \ ^ 

J^DjKJ^Y y KBfOj Jh*Y D .laJL^ y* *s> 1 \ j>!| ^j* OjU JawS 4 

.LtjJl >Jj y >° (j ^ l 

>jJl 

J: £—*< J-* ® * * Sj^wm ( t I ) oLS 1 jjJi ~ ^ 

y > ) * t yn-*j- > I * i frill y > \ * * (I) 

y* > \ * k3Lisu (Blank) JLfclJj^ (^_j) jjjAN 3-> r>* 4 ^U >1 * ^ 

,>Afl *U > ^ t * j dLk> ,_>*>■ > 1 4 * oU?tU>1 JjJU 
AwJlTjj ijiai- 1 ! cA* -uljlj^LfcV £ oJjh ^ TV 4 -jJ-t oV_^ 1^1 iijlj -Y 
* iSjUi jajkjII ^ ■ .C| ^Jl jLjll *^j— 

f-1^ *)..4jOf*Q 4 ^2^0 + 4M70 + 50 j 

>Uj -Lo_£ J>1^ jy > 0 lJj-jj > J\ ^ 

" 4JUI iJjUU *Aj oLL*wij,Jl 4 y 




j j* j «>* 


VAY 

(V '). 2 MtO; + 10 /" + 1 6H ' -> 2Mrt 2 + 8// 2 0 + 5/ 2 

1 \rU ^1 jjI^j “ Y 

;JJ^ 

(V Y). IS pi 1 +1, -^Spf 2 +21~ 

u~* \j* ~ *Lll Ej^L*l obj^S*^2Jj 0l£" lils 

^ j ■Aj J |l' r T M ft3 I t J!- Q I J|_l h , ” JU^l 1 llj^l ajJ-I^Jlli ‘> !* J L >• r-’ ^raj \ 

;5JWISJjU1I^.^1 

( ( ilrtAj’l |^><^- / ^ * 0 H,T>£ OU^OljrJl ^jLf 1 ^ f ''J* )) “ ( jSj / 

^_^JU ^ — jJjjjS" ^ISbfcJJU ^ ^15^ k^U>wn^J^ ^ 

.u y^ ^ GA ^ o'! 

( D A/ \ ♦ 1 ) X (^5 / 04~Vf = (/ ^1 ^r*tJJU) SjlU 445,'. 

v-ji-iJi ^jSit x~s\ jiy <^ 3 T S H) 
lj-\ jl*j * h^j^j *LJ,l o-bu^ 1JU ]£y& 

JJ^ ^JJ i)L^ (3 ALjbUflJl T *iSb*-U 

j\ jjj „>j 1 SI jjjj.il J|J^ rHI 3 l JL-w^l Jy>-1I^JJ| - ^UlI J i. J ijjlljj- 

^ * — j^_*ijLjj .nUl j oLil^Ji ^ ■ j r ij .^Lu 

Jj Jnftj r 4^>dsu-J^ 4/jl>-1 frUil 3 |*>J^ 

.( Maiti, 2004 ) ilL^Vl ^^ ihU Jl 2J\^\ ti\j£J s*¥ 

o^j£tfc 

\j_ jnrt ' 1 j-n ^ \ h * J j-i^ JI ^T ■£ t L*£- * . * o Oj IS" 1 ij—^ 3j-J^ “ ^1 

,jjLJ j 1 *-^ gjJ'i-^ jjaifl *L* 3 SL? 1 ^ 11 jj^* 
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r at 

*-U-i fjbUi (W^i-i v-^ (W *j£j ' ja ^ a u J! 

*( jJ/ T * ) (/jLfr *, * 0 &ySJi J>L£ jzJ ax zS ji aaJ&-j ax* 

j JJjUI ^ ^ ZjISO j : Phenolpthalem J>>]\ JJj - T 

. J-* ^ * * 

J**!l Hije 

o'Lioj J-» T 0 * i*- ^ *U.I t-c. ^ J* ^ * • i^Jj “ ^ 

^ -kliu £-> 

L^jJJ 1 ! W< -X>- L.^l.d i ^jLp- *> * ^ ^.J ^ 3 <UaH ji W -V 

S? J ^' 

t JL L+£ ^ -L^JfTl ^yli 4^4^ ^SLkj 

X £1 X v x ( NaOH J^U ^ » = ( jl/ ^*1* ) i^SJl ±~£\ ^ 

({ Al^r ^ 1 * * } 

Dissolved Oxygen (D.O) w'JJl (VT 1 4 ) 

lj Ol iii^-’> l U £_* OljUJl *JljJ[ JUj *111 J jZ'Uti 

elJ-1 j lj-ai*#1 J <Ln J VJ lj i j-^ tjJ l {^wS*V *1 J_£>■j- j-Xju cIj VU-1 jVi ■; 

^JijJl (*Lll a-L a Jj i^UJ'LSJL! 

.( T * * V i ,4-w ) J^Uo ^jAj ^jl *w1_^fJl ^jJij^aI!! 

*J*w *Ul J eJJ-^J i^LfJl oij^jux] 1 ! j -1 jh^U*JI ^6 ("DO) -wjUJl ,V \ 

U-jlkJl ,LUi .*LJJ JL+£i\j ySLjJJIj iULJl 

V j AX t ^ h ^ t i^_^l l .irtj I j ^ 1 k5^^ 

^ve Jifj iSy? 4^-1 j 4^tji ^'ijJl ,^JLfr *TT fi j T 0 l T * Jl^& 

rjJ/A 0 Ljj ^Ull l5 



'nijU J «>n- 


TAt 

i ^--j. Jrfj *1 .^Jjj [_** Lj.J.V -11111 I 1 ^ 'j bjtjjH? -mkl>- 

.{Eaton etat„ 2005) aJjuJU k*jSll (I 

, V \ 

Azide Modification lUflil -kjSM iijfc (^ ,r, 1 *, 1) 

iJj-Sj oI iw^^j ^J/.*-?- Tit oliL j .It ^ obj^S* ijyi^ — \ 

* 

, jJ \ JuJ JJ 4$ L^* 1 JLfr LljJ \ Lj jJ V ^U1 I J^jJL^ l 

VO * j K1 ^ \ 0 ■ J NaOH ^ 0 * ■ : J^Vl J>U -T 

_Jszl+ *-Lt J_- t * J ( NaNi) ,*jj->j_*sJi1 Joj.11*_^- \ 4 ^iJoj jJai- *L* J_* 

.Jaill ►U.Ljs] JI pj»J-! <*$ J*l—H J^' Ji <-sUju 

.( Cone. HjSO< ) jff 'JA dU*£J1 -T 

_j U J J *L_d * A + * j ^ 3_3^ : UtwJi Jf—Jo “ £ 

jjjJiil ^ J*U3 £*a_? >_sU>^j j^J Ji (fcJjJ-l J-*&J ->jc-i f-? JTj-N£-* j*- 1 —' 

ji 

J-^ : ( . ♦Y 0 ) CjL^S'jjJ< j-» yr-U JjJ^ -6 

NaOH ^ *.t * L|JI lJU^, pS jJmU *Ui ^ j Na 5 S 2 Oj,5H 2 0 ^ V Y© 

.Jtfb 01 ji\ ob oUl^j j Ji^j ^ jJ J53 
^ Y,\ fi ^ ^bLi j nrt . -^ :( ^♦ ,\o ) JjjJl oL*jjS' ,_$b JjJi^ “1 

. JajU »Uj ( ^ * 6 JUfr iiitf ) KjCrjO? ^j* j**- 
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TAo 


4 iijp 

JJfcj \j^~ (<_^* ^Ajt — ^ 

Jt 

+ kJaA*t^A 1 jl j>~ l^rjj!, Jii£j ^Ju=^ 

L>f '*?—£■ ) _jk» \ p_S ol^£ Jj_U^ Jwt 1 ^jUaj ~ T 
* 

\ 0 #Jll j IXj- ^P-Lp-jJ 1 ! JjWj ^j ^-h■ ■■ JuLjpVI <J_j5\J 

•ilJUjI j-Lvj .y^.j* |yu> J-* T ijlJu-Ji jj ~T 

• 1j ~r 

lJj_U^ ^1 J^ >t.. ipiXj j ■ *—■...»J i ijs* J[_* TO* \ * * Ji_^-^j “ t 

.( ^ *. * V o ) ^j^j-j^aJl obn^jJ 
vjL-jM 

{ A x ^_ x ^ jj-^1 1 ! = ■•w-JI-JlJI 

((( ^ / ( ^ ) T ^) / V** )x 

^ |a ^_ 

.j^LUL = ^ 

■ Jh - f iS (*^ = t£ 

■ (^J^T) -Lj^I JjuL£ ^-p*p* + MnSOi J[_jl^- = ^ 

Biochemical Giygen Demand (BOD) kL Uy^l ! dJj^ 1 ij^wi^Sh fj& (^ t Y 7 \ 1) 

l$JUl£ jj^c. ^ frUtii s j^jd.1 4*i4 ottlO jXL^u-,. 1 U .Jlej 

<^aSJI eJjb i j£* jl^iJ -*Lh J ftJ^>- jJl1 

LgJ ^J1 j*Jl .j-* h jyu*w»£*V^ 4 jjb jjJLijj .j^lJl tj ^ijP»-llHj 

ij LwaJ ftLil teLl** o/lJ&£ ^hJ“1 f \ JuU , n U l 

^L*JJ jJ j)\\ *-+*£ ^ ^-1 l!w>- < 4ji-l>ll m^Lw 





rM 

i—J lj ijrlwaJl i.jlil o Un . nJ l Jj J_aJ ,^-Jij 

* jaiiJl oU^JLaj 

j * J Jjlil <31 ^If“ (BOD)J^ 

<^j Ij-jJl ^ 1 "lj^ ^ '-^■■■v-1 ! | V l ^ LJ ^aJL? jJ / -s ^JLIi U L^lP 

f 

.( Lamb, 19R5 ) 'ijLJ jijl <1rr. ■-? jlj** Jl I^jJL^^-j £jj_JojJI j1 jl\ l i . ■■^L ^ ^17 

ji'*!' iiijp 

*jll J 5juiJ1 ^jJ&J £jtij-* BOD dJJLfXi-^1 yJJS 

^ <%4J L* - Uu i ^- 1 BO 1 !^] _jr >a _^ ^ ^ i *' [ ? * * ^ ^ 1 J JjVl 

1^5 ^ <JV BOD^ y^JL <J .^Y * Ejly 

l| w i P '^hj'I —±1 k_$ jjlj^i 2 J * ^j! J | T| ^ J'IjhIJ lJ_J| JJ JojdJ 4l„.i j^J jjJ^L 1 jljjJU J L 1 11 [ dJLjb 

*( Eaton et aL 2005 ) ^ T * 

.li c^j-c-S! 1 

yJUUU Y * 1 4 ju->j yJULL Y * * L y*yJ 1 flAAjy ol^-L>-j. ~ Y 

SJ'UaJ-l oj-So C)\ *Y * ijl3L*-jj JU-P (incubator) £Uu- - Y 

iJf** jJ^£- lZjjJ^- £± * - J LSa .* 
uLiijSft 

J-* flj-* 1 * * ^1 JLi ! Mn(S0 4 )i-5H 2 O y**±\ oU^ JjJL* " \ 

JJ JhA^ |^yJJJu T « + k3j_£^ j jia-^ *U ^ JJu \ G * j MnSO^SHjO 

,>3lt *UL JWsUI 

■HlS0 4 ^ 



TAV 


iLjLi JaUsJ 1 5 >51 


L ■ m|1 ^ jj.X-ft ^ t ( j^JJ j. t ,it* ) »Vl JjJU- “T 

►L* JJU V* j K1 _^Jl -b^ * ^Ubj jiuU *L JJU y t ' ij NaOH 

dUL' Jkl^- jJiio *L* JJU W J NaN* j«aJi Jdjf ^j^- T k-j'lJuj j>a* 

H 

l iJ_w^ JaJu^j frliL L*iUU J—dJj jdJL L V 0* * 4***> lJj-jJ J JJUi* 1 

<3*b 

: EjAaJU J “ t 
■ Na^S^Os (t 

( N/4 } j)-.^ **1 cj Lj^S* J^Jl^ /jr-* jJLJJU 0- * jl?-L ^.4 ( N/&0 ) 

.^>>1 *U»t ^jL** Jj,jj j 

4-a J1 j j./a ti djldj^SjsJ 1T,* £ Y 0 k—j-lJj ( N/4 ) 

■>alt *LL 

^La Jj td«? ^j-^- 1 * "J-U 1 ( j^J / \ * ) ^j?LtaJ1 1 ■ » ■ 1 'l ^ 

uipj^ *>* £^*-? Ja-i^j J-M Jlji» jJ J) *-ii£j sr U<» 

.S'JaJU i^U-J, J Jia^j 

J*jJl Aibjk 

1 JJu \ * * <*** CJ U- ^ ij ijnjt^dTV ^ ^LiJ ( I 

Ja-Uij -UjSll JjJ* j-* J-l* \ (W j^b- 1 J* “> 

k-H^lfljl >_^rfP pj ^>-i SJ-* jUi^^ t Lu>- 

r J 0 JvXl o-U-^j l jjTjpJ ,ril i jS'j,.* dld^vd ^j,V? *> ■>■ JJU \ dUJ Juv ijLjaj 



(N/SO) J'i JjJUtX ajlaSI jjLaj ” Y 

X ^ ) i^Ull J^-^ ^ JJ C>jJJ^ Jj>w JJjtf LLjJ^ JjJ*£ 
: JJu T * * oL>-L>-jJ | i j i^JlJUl ^Ul (k_j 

^j^S* aIjU-JI JJLiil l 3 LUij pT * JU£- D o-JlL -Aaj “ ^ 

.^UaH £* iw-*- l LllJ JJU ^ ju V-b JjJL£ j£ ^ JJU T ^JUla^ 

■ ( ^T*? ) SjjUll .*->*>■ J^w*W; ^ |3J^Vi UjJJl Jj^w JJjl£ ULJ1 Jjlj£ 

o*ij_lti3- f-LJJ ( lAjiLJw ) OjUU 4-ijfr J—**j ”T 

.( Eaton et a1 rp 2005J ( ^) ^L-ail nUl ^I j^wj 1 ! 

w)L«^4 

BOD Jl Ijji j ^Sfi J*UJ1 ^ 

(VO.Mn(S0 4 )2 + 21" -► MnS0 4 + S0 4 = +12 

(^,\£) . 2 S 2 O 3 +12 -► S 4 O 6 + 21 

: lA ^ 4j=£ 4^ j' 

(%' ♦♦,2S20j -#■ S4O6 + 2 e" 

284 g NajSzOs = 126.9 g h - 8gQj 
INThio. =8g0 2 

lmlN/80 Thio, =0.1 mg 02 

jpi /Oi *i*JU «i* x [ ^ )] “ BOD 


BODJ *JU- Jp (N/80 ) ^*aH 
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TA* 

BODS SJ>- ^ (N/80 ) *jjij 'wjw jJ 

{ j» *U ) JjbLijl 3 (N/SO ) ^OjhaJI ob^j;} (*?'■*' = ^ 

iuJ 1 Ol y i*l£- = O 

Chemical Oxygen (COD) ^'LuiJkSI jl<& (^,T, 1 T) 

■h h y 

^LjjJss Ldj BOD hJJLi^LwJt 1 ! aV Ij-Ja* 

iajli Y 4 a^ L|jV i COD ijJJLg^wwU j.' J1 ^u^w^V 1 ! jJjL ( ) 

COD ^‘U+^SsSl BOD _L1 4-*J £-* 

j£* JUi^* Jw^U ^JJ^aJ] j 1 jU SJL^fV ^l£U 4^0 

AgjSO^ a .,ii JJt* fj^L^ji < J-*1 j jj-jh J-t 4jj-*iuJ l i a.^JtfjJl objjS* 

iiU*! J UijitH J-tt-Jt oli S-JWVl JhljJul 3JU*tf J 4 -J ypJ!J 

jwj ol^ v^ Jl* oljJLfJl iw^y ^lj obJLfJl ob^JT 

; (Eaton et al, 2005} SJtdl <J.>UJJ Uij 

(V\l). Cr 2 0 T + \AH + + 6e —^ 2Cr +3 + // 2 0 

4_^bb ^ , Y 0 K;Cr^ 0 ? 4 ^IU_frJl oi 4 Jjr l 5 ^ iJj ^ ^ 

Jl—D \ *lV i—jl ,h 1 3 Jil * \ * 0 i>-jJ 0J* \ Y,^ *1 

ik^JwL^J (H 2 .SO 4 ) l p^YTX kjljaj &* 

■>J J) j^ij **>J' «>'.>*■ ^j- 4 ^ 

Ag2S0 4 |*J>- \ * ? ^ Y Lp 14 ^" — ^ 

.hj^U 4-JjO j 4jV £^J1 j*HR“ 





Fe(NH4) 2 (S04)2 0.1 M «_*.JjJ .jJ4 oi_ ^jS ~T 

* 4_sLa£ jW ^ r i»iU *L» 3 f JjJLjJ^-1 oL^S" ^w*-T V Y \ i 

,j?J Jj ^a- 1 jAjr* '—^• " ijA 

110- ,tAo *_jliL jja_^ Ferruiti 0 j _Jjifl J_J.i “ t 

lJ (FeROj- 7 HvQ)J-Jl* JjJbJL^ O^j-S ',1^0 Phenonthnoline monohydrate 

.^JJLM 1 ' ^j-Lju* jjjJLi jiaul* *U 

^ < 3 J_P J V ^ ~ ' 

-fjr* Ij"^1 Jm 1 ^ * J (HgSO^) 

WJilsL L^J j£j- - * *3 Uoj “ T 

. J^lij \ * UXj 

*LLU * J) JjJU^ ->^J iJ_^JU^l ** -r 

•^Asi 

w -~k gj j ' y 1 ^.} j yVlj jjJbJ^l Cj'jjj,-? JjJLmx ai^aJI j^Iju -1 

Jnbu ij)! C>^J Jj^w 1* L Y - <. Vw ( Fj) 

.^Vi Ji^u 

jt-sNja- jJlLj j h^h rULI Jp iT * iljULn ^ 

•( ^ J fJS^^J 

COD _ { v i —^2 ) x JV x 16 x 1000 
~ 10 

-JjkLiJl J Vl _^jjj = 


<W). 
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j -uLJ i ^3 ^I _j ^Ju JbL 1 o-lijjjS" = Y2 

3jAtA^ oU^J* ” N 

Silver iJaill yM J (^ T T ? If) 

4 , * * * Y A Jw’jJ V (Ag) i>JJI j-* ^Lw> y (jr U- ^J 1 ! lSj^ 

lJ * I j-£^AL* * , 4 4 4 X ^j] i 1 a Lw* L>1 * j^J / 

*, G k^ijp^jr^ frlil 3 SJLLii 1 ! * nrt tf 11) t— jLS* jji lJLjVI ujIpW JLs^j- ,^JLJ1 

-Q>1 OjJ 4 JIJJ 1$^ <5 iL_> ^jJ,^ j^JLU 

y JjjJ 1 ! OJJU- JJj .^JSvi^j JL5 v$ L-JuU*J (3 jj^AJ iilJb-]j 

.( ^ Y U V i )_^Jj1 Jj 4 , * 0 2jJz>- J|i ^jVl i-L^n |J 4 ■ /iliffH j-yJ-J ^ 

J: L^iil SjfLiMi (VoBhand method) Jj L^J > 2 uLj>i ^ ^ UaiSl j> Jjj 

^Uk 1 ! 

: { j> U YA * oU^ljll ) M oVUil 

SCY" + ,4g + -> AgSCN 
Fe^+SCN- -> Fe(SCN) 2+ 

,^ 4 3 \ AgNO^ 4*>4h C^I^Li i j^n lJjJ^- “ Y 

j -.Vi NH^Fe(S0 4 )212HnO ^JbJLjjJ-i oLjd^f J|_^Jj ” Y 

■£_** L ^r^ l>^ Jk' * * J j*^' 

^ ^ 0 ^ ?' Y KSCN ^j*iHirl7_jJ i O “Y" 

*LlL J}-A>vJ |*_J N 4jl^yM J-LrJ4i l3jJ-> (3 ji^J^ll ^lil UJOj t KSCN 

rt ■ .,rt ^ ,-u i ^jL*^ 1 , * ^ ^jr-1iJi-fc s jin jU 

.^LiJ'l iLjajJ) lZ-j'i> J JlJ^ ijjjJL^! 1 -Li 





nv 


.^1 ( HN0 3 dL>~; -i 


J-**!' 

i-itAj j*) T 0 » <*«# J) *Ul 4ue- y J«\ • • Ji* - \ 

ijJjJwi jJ-1 oLXj^rjS" J|—Jj ^j—* Jm"^ lSUj ^_-Jdj l lLLj^uJI ft.>- ^j—* Jf—* g 

ijjJU’l .-■jK^UjJl L^>ULjJh^ *Ql " V 

oWj-i ^LkiJ i^>" cj!^ iJL& o^* jJ 1 jjJsJj * ^JLjj ^jJl, jjLSj ^.J 1 ! 

+(j^) JjLdU 

: ubi\ sj jUi v ^ .hi i j iiiti oUi^jul -r 


1 * * i x \ \ \x^- 

*U1 -C^A ^>«^- 


-(jsJ /rwJL*) j-fy 

Fluoride (A>T, It) 


^ ^ *W* -j*^ £r j^y 

i jJ /^1j^JULo *, \ ±jj^*r J yS jjjl Jj-Sj SJ|jJLo j^iJl jL^jV^ ,Jj 

X r T -V ^) j*jl> ,u / r i>>au o J1>^1 lu 

t_rWfcvLwJ t J l^jh ! 1 iJ />J_ J jjLhl3 1 J 1 

i ^_*n Jj ijj^l«'■—^1 1 J j-^ 'j^ ■ 1 fl** ojLj^ 

£ OLiwVl ^ JUjjJLiSl Oj^ ^i j&j -J^ /T o ' * 

-^y*J ^ ^ -1 O’ 1 £ J ^ -J-^^ ^ L ■ ^ 

^wwwwjlj ■‘^flLl^ ^ fa_- : J ,■■ ■.!. * i J. ^h r J r jUj 1 

,ul—^V 1 y Jhii jiJ /^!j-^ 1U y jjtf jtjJ ^ 
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nr 

,^-Ul oL-Vl ^jij OjJ -ii» Ji ^ j£j ^ £*j 

.( r T*»V <rr J) 

JL^UU ^1 .V , » to—x'L «i_jJ j -L_>j>il'i jj. <_ » 

jLjjU ja-.A-j . Single junction £> reference eiectrode ^ j* ^>3 

*r') j 5 -* ^ ' *' fl >£/ yr*-^ p' J ^-- l 4 

.( A \ £ y a + <? j javJI o | Ju^ij h U ) iJj4^ l i 411 o- J JbjjJUJl ySj> J 

Cyanide ji*UJ (^T,U) 

jL** |j / ^I^kJlLb * h 1 S-iLt- {CN) ^ 

* , \ JJ'' J-JL-Jl OjJjl jl Oj^SL O' (Jj .3JjLh jpjJ^ 

oL-J^Jl \ m *s O' 4-JeJl wjL^SJi l!-Cj -^yoVl 4 _j jj /^^jsiJULo 

^ ^.VW. I ^ I ^ ^ 1 "-Js^r 1 ^swj ^ ^ ^ ^ 

X f Y“V 

■ ,lj^ lIj^ ' jjdiJl 

( Eaton et it/., 2005 ) ijdUil iijt (1 , f ^ 0 ^ ) 

u^ij£s)^ 

j-kA :( P- dimethyLe aminuheiizal — rhodanine } Rho da nine J«b “ 'i 

,o^™-l j>* ^ * 3 ^ yjL 

o'ljSj 1 T\YY ^liL -AgNOj “V 

Li NaCl ^j J l 4 .’j jJ 5" J<7jJ j jlsul^ * lil ^ lJ ^La® 





nt 

' Ji ol/j Jj-U 0-* 0 1 1 pj fjr-fcJ-l' J- 1 -* k) 

1 ^bc- l£j£^ a*aa! 1 oij^ ,j^ Jy* ^ jJS JjXil 1-lr* 

Xy^rSjjX*# |*_?- \ F *l ij'iib j*a£ b ■ i ^ ^ " 

' J ?yAr* 

Ai^ 

i^*Jl L^iijtf- jjj* O' -TO ^>. 4La! 1 ^—-Ull -i^Jd “ ^ 

0 | j_* Jit O^S ijj ) d™5j j-X+fr JjX^ Jw* \ * * 

r TO* ^A^f i3j^j0 J ^ A^Ljj I V ^J/ 

. Rho danine ^JJj- Jp* % 0 oljaj ” Y 
Oj^b ^ i r ^ m ^ M!r i^ jf' 1 * j.5 1 l—j j jJ ^ T 

■( t^*) (P^k) Ji /^Vi 

j*jjpj 1 ^^ jl*»-£jj j** iJj—^ ^J—* y 4 * jjt’uU’i A-jj^ jjLaj _ i 

.( J-b ) Rho danine ^LJj *j A^aiSl otjXi 

wbJ-l 

1 ^4 «LjL~J^ jSJj 

(( ilmiJl ^y>> /T & * ) # ( J-i-jJ I |+>i>/ 1 ‘ U )X ( L|t j — ^i^)) — jJ/pjJLi JL-h’i_11 y 

( La ton ei at., 2005 ) ^JjUl , f f \ O , Y ) 
ii *j*i' ® <Ji ^1^i«VwiU »jLc- jl>LuJ\ jjJ»2j pi* 

.Jll jijJJl 

JLL* O *U* j3 uJai (^,f,>P,f) 

ijji 1 —* l j ^ > ‘->■ (_^jLjX>I olj <-J U - ^>l»L>iXbv^j tiil j «Ju>L«Jl 

J.l^JL-1 . Single Junction £jJ Reference electrode ^j* ^Ja5j JJL^J 1 ! 
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r*o 

^ JjL-JI jjjtij .j)^ 1 ^ ^ * ^jru ^1 t^i~n>U 

-AjjU-jI {ja | JJl^ ^jjIac 

jJL&Ji j^bJl jjjiJ (Vf, \ 1) 

2JU5i)1 jjUiaS aUL> OL» <*~aA (*,f, ' V ^) 

# 

: (Maitij 20tM) ^Jb 1*5* JAJi^ HNOj tlL^J 1 ! ^V* *i •>- ^IvL^Uwb 4 ; ^sf^l 

y* j-*' ° * **—' ijr^jj^ y u-* j- - ' * *"° * 

. Jj^L- HNOa ® oL^ij 4jL^? ifcji 

{ Hot Plfl-to ^Jf l| r ^. - ".-. l I ^ ^ 

J_J LP i>- SjljjM i>-jJ fj J* T * — ^ Cr^J j^S & tr*" ^ 

Jjpj t=jULL\ 

^ Jj.,. 51 fLf >£jU HNO, iiL>l Jjfc -V 

iwJ 1 ! 

• J* ^ * * -U~* J1 ”* 

{ HC1 ) JsjJj^ *1 JL,i«C-+jj U * LjLj 

; (Maiti, 2004) [*£ JJUS j (HNO*) dJL^JI 

p-! ^ o * ajm^ y#jj£ l3 jj* J *U1 ^ ,v Jk \ * * — o + o>J j — ^ 

iiLj^Kjjjj J-* ' 1 **U*L £-**j j^j> Jk- 1 0 

, L-l jj jj JJ JLll ,^3^ |*i ( \ I \ ) 

^ Hot Plate i ^T 1 L^L T --»i-j 1 ^ ^Jjn 1 ^ 

Jk^ ^J J f 4 -' lJ^ ^ ^ ^ ^w£4 J OjJI ) 

r^^jj 1 ! Jlj^j j^j *._5 L«ii- 

-J^ ^ 1 ^ ^ iSj^* 3 jjj JI ^ J^ <**J1 -T 1 



j J»3 {f J* ijy*- 


ni 

Iron JWJ-' >*<Vr f W) 

eU- ^3j +j^i /j*i^JiL> * h * * t ji &l* ij jS jj 

•W* J+-*i J j-^r 3 ' j 5 - 5 /' •' J! jV’lN 

* J-r*'j-* 4 W* .jiJ/^«^U Vo^^JSt Jl 

&L-J.1 J -L-iJui-l i j f jsLji£'l tj i /,*^-s*mJLL *. ■ T J—j-jJ -\ 

1 L_3 *■ ■ ~ T “~ £ J ^ ■' Li J 1 1 ^ • J ** | * ^ I £ i I 1 1 ^ 4j J ■ ■ ^ ^ 1 d ^ ■ ■■ ^ I 

^ JjJl^I tj £ AhJ’^^Li 0 Lki i. i ■ * _a i^ j -L j< 

-OjJ“ t wLLi^j «-jLJLS LjIjJ 1 ! oU vjpiSLJI j ^U^j^sJI J[£jj 

* 

11 jja^ S L^yw**^ i *Uil J fc^jUjIi 

.{ pY 1 1 V t ^±■ "\ ) jJpLU sJL& ,J JbjJ- 1 ! CjLiIp* 
&L** J JluJ- 1 ! ^ jjT^pT ijt (WHO) LLaJI ten-.al'l * g U~* vl .,^j^ ASj 

iiij *U.1 iJ -^-^1 ji-Lajf ^pS-5j ^ (wJL * T ,J ^ 

X^-d dj^dJI) (Atomic afowrptaon spectrophotometer) ^jJJI ^LditVl 



*—J Atomic iibsurpEiud HptL'Er^iiholum^tt'r ^jJJl .(V*) 

L ^ja-hh JJul 1 <*+!■*- — jjl^j 1 ^ — **j ^1 
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TAV 


■Li*- L i y\Ji 4 .-JL -"'■ ^1 J.Ljj»- 1" Juj —\ 

YrA,T*t ^J> 

jjjJi— j Jw^-1 Cj—* 1 ^-^^T" V f 4 Y Y ^ .-.■[.-■SJl jij) j -i^ 4 

Y * 4JL jj*b !h M , I' JpjI ,'--* - -4 L ^ » * J_* A • * ^ Fc(NH 4 )2.6H20 

->J ' (*-*>- J! J-k^ 1 »Ul (*^ ‘ 0-* J-* 

l 5>^ t£j-J' Stock solution ^^—w'wVl J j—L^l ,j_* J _* o J_>-L Jj_JL^l 
L j ^_J jJ 1 3 * m lC^L-A* J* ^ 1 J- L n- jJ—SJ J<—^-Aj“ ^*1j-^JijfS^* ^ 4 * * 

,jh t\\ eU,L VlaJI jj^-r 

.jl$JU J jf oU-jJ 1 ! £->jJ ~Y* 

l^LuaJU jL^i-1 Absorbance ^Lcu^Vl 3*1jJ JL3-^J — t 

.■d^JjM yS j? jjJiJcJ 

ijm* iJ-Ll 1 ! J: il^-i i)\ 

V"M^* |_j£J 4d^ r f ^ vJl V - ^ 3 

Man^tmese ^*UJ (^ 7 T 7 1 A) 

A-X\ ^j c j^J / ^1 j^JLU *, 4 + Y jL^ j j>_j> y _Jlv3_> 

fl-AUJl ^r.,^ ^1 ^ *iU.j .j*J / 4 , * 4 V Jl <ijJu ^JJli 

jiJ /* H \ i— 1 j-iji sL^ j j^*vil ^_^Ui1 _kj-1 ij^Sa CjL (WHO) 

ijj-Ul ^ Ua^uV^ jLfc>* ^LiiwAa *lil j jp>Jj|> jXfj XfT^V £ ) 

.(Maiti, 2004 } U^kll 





HA 

j +5L£-!l <wi ,-a^jJ^^iLi JjJkJl .j^itLwi^Ji V1 jLgj*- Vi _ ,Vn “ A 
V jJLSl ^-mUII j-Ml Jj-Ur BJ *.^U TOV.l 1 JjJ- JUU^ 

J^l iJ>-J l AiJh 

t^ji-^: ^fJi-513 jj-i-tf ^ 0 jJLsM J_-Y A-^L ^-*«Lij5J^ J jJL^ jpvdj^i “T 

f-i 11 3^j J J (J-* ' 11 * 

i( JJUc!l IJLa J; jA^i\ l ^>- jJflill *HL> 

^ ? ^ A l J U* L ^ ■ ji Lw-j ^ 1 ^ ^ jj 

.jjrt ht Y * jL^auj jIJ Aa**> ^L£j ^rafl* Y 0 * (J A5li-^ aJLJI * ^ 

s_o^p* c»L^ wiUsiJ <+5 , jLJjJJ VA 

— ^ . ■ ‘■ 5^ 1 ^^ ^VfJ 1 

Afl_tu lJjJ-> J} W 4 ^ J^Jj rijj-Sci 1 ! 

\ J J2f\jrjJL. W* ^y^JjJjil IJL* .jkSluaij^ifcJt Jl^LBij 

j J^L^I ^ J* 

^ ■v' ^ ™'^^ 1 - *'* '■■ V i ^ L . ^ aU A-tasorlKnitc i. ^ i- 

T JX^JH ^ jJcJ 

IT Jl .j—■ ^jlII lJ * ^.ViT" j-jS^J!. j ^j 1 ..,^ Ta^Ji ij^j ul 

•</U* ^jiUi- /f Ij^jj^s* 

Copper ^Utdl jj>4iJ (V^j ^ 1) 
ijj 1F + -T 1 ^^ j ^WJ 1 ! 

ij "i Ja^-jJ Jjj rjJ / a IjaJLU * ? * * V ^pilj^ aJjX* j-jJ i Aj^-^-Jl cLil 
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TM 

js* (*- xb J> 4“ ij! ‘j 5 ^ ^ Cf* u^ - '' J^JTi 1 41 S? O^^***^ J-* 3 ^ 

ySy 0L> (WHO) iJiUJl iswsJ) idii* Cw>jl Jij «( ^Y * * V ^ r ^ 1 _ — _ B _ BJ _n J i 

^Jr ■r^ — l * V l J ^ ^ J ^ l ^ 

.( Maili ? 2GSM ) cajj ^j'i h fi ■ j ^ ^ *11^ ^ i j- |I LhJJ i I 

Jrf*!l iiije 

* 

Jjjfr ^Jnjjl j f ^L f dJU'V^ jL|j- lfi [ .I'M “ ^ 

fl ^ ^ J >^ ^J-J*jk rrv.nr ^ j> 

•jW*/ 

ijjtjw- j-- j_j- ^ ojjH Stock solution J jJl^I —T 

j-* *-**£ V I- ^J ^ JjUm lS i l ^^* 1 j^L^J 1 ! 

^ \ *yj> J lLU^w i ^£2m*v>~ jj> Jl ,*—■ j+^A-Li ^ ; 1 iiL^uJ 1 ! 

,^LUl!U/ ^ ' + * i£j*^- Jj^l l -i* r j-l^^L’ 

W ’ * |^ j uj_jj | J—* C 1 JL£- U ta^'LJiil J j - *~^ *1 ^ “ y 

SrUL JL#*A*IS K^dja^ jj (jfjLiJUi (Jj'J-* ^S jdUU^ 

.jiail l l 

-*ILI iu*J Absorbance ^UduVl S*lji JU-^J —1 
^■1 j-s^JJ^S^ 1 ^ iJF* H ■i rt'" *V^ dWl 

. *jas*r 4j^Ur ^rlil Jjjlil .J-0 Ju* JSLf 

Lead yJJS (^, F s t ^) 

jj J *’ T ^ J h^_fi* 

j j^'L^jJJ J^"jJl ^1 .^JJl J ^T J1 J^a; VjJaJI ^l^Vl 





O j ^^f 4JU -Ar^ljJ -Ufrj t ijJLjJl *Ll\ 

<sLjU J-ft * jt^L^j3b oJLiJl *ij^lva-* j-^J -j-Wa-* c£^ 

l^—j-UVI ^iJJJiJ r( ^Y * + V ) oJjJi 0LJLI J\ 

1^-^; i j^L*jJI ijL (WHO) SrtiLjJ 1 ! ^ n j? ■ ■ dJj ^jJbJlJ-^ 

j'—pr f hi*^-pL jjXJSj i ^-£cj •jsJW <j *, 4 0 jjl—ill 

.( Maiti, 2004 ) J>UI .^Ux*Vl 
J*jJl i&jfe 

# 

( ^-h^Lj j^JU^ lUJSj 4 ( < jj JP SL*Ji« Y Y ^ „ 0 ) Ji^ls 

.jsiJXt/Loj. T« ,^ji4 

i^'j^ Jr 4 (*'>*■ V<HAOjx Stock solution ^v-U»Vl J-T 

^ ^ dLj™JI ^ jJ Pb(NOj)7 ^Jl 

l \ * * * Ji^“ . L*Y * o j^LJjjl j -iVi ^ “1* 

SrliL O^UJU pj Jli 4 Zjll* <JjLjw ij <tUiji J-& 0 ii3 j ^1 J^jj*-** 

.jiail 1 ! 

^Laj^Vl ^r_j j >UI Absorbance ^Lju^Vi *+\ j-i 

S55U J- / f^jjSL. Y * JjjrW ^ j£y 

Selenium jijsrJLJ' ^ * f, Y \) 

' 0 <J\^ JI 4 W* i) (S*) p:': 1 ' —N J-^-i - 1 -* 

Cr 4 J) fjr ^ 1 yfj> J&* 5 J ^ 1 J*H Jj -jsJ t 

u-* j-* oLc-j^- ^j-^l aJU- j_j ,jiUl j ^ 4 4 
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to 

■jf i 4_JL£J1 j u^£Jl j _*jU> \j^ Jl5 j> (^ /^1I jj d UL* o 

owsJi OOjL>- iJj .( * * V < /*mi> ) aj,^j aSUjJl l ^ y JU’ tjlJ'Ji 
^ JUj, V' «_£ V^ J fj-iJ-J' >£;* (WHO) UUJ* 

^jJLSl i j t J*. .,^1 ■ *V*I jl—^ jyJ LJt j^Ji-O .^JlSl ^ f'jh!^* *n 1 li 

.( Maiti, 2004 ) ji-Liljl k^j^j itfjj £] 

J-**!’ iiijo 

& 

fjgJLJI J L^ptiLl i^Jjl jjfjJiJl k g Ja . ; ~>i 

T * iSj+^z >1JaX*wmU i ^ ^ *0 iJ^k 1 jJjtj 

<y ^ L^A- 

t ^ J-« V * JjkI y^UJI J^LM -t 

►LIU i**A*JJ *_ii£ -c*^ \£.J^** i3jjj J J* J£J p-Ju- 

■>at 

jJLj^ ^j—n \ ijJij —{ Stock solution ^*JL*j')!\ J j 1 ^ j^h -^j — T 

p-S ULkM jp^jl' viLp>^Jl lL >^ 0-* J tjr^ 51 fj" 1 — 

k-j'lJrf oI^a j^!s^ * oLi^l j^wj i3Uja^ 

Jl_o^ ^ di-^jifjjvAr^J'i ^j.Va *> •>■ i j^j ^ ^ * Jj-ki j ^j5\jdi 

^ 'l ■ ^Va *1 ^ jll J] ,*jiJ-^ 

.*Lil 2 ll*J Absorbance S*lji J*^ jj — 1 

^ 11 "" J-3—& \j^* \S s ^ mA tJ ^ 

. <Ji>- . 





i * Y 

Zinc 

i>^£J -> ^ J-* W** 1 V>js*® ^ >3^ j*®j? 

.(Maiti, 2004) ^jJuxJt ISjj ^j-U^ _)W^ ^1^^> iiJt> j^JUtf 

J^*Jl i&> 

JUyff- kiiljj'b Oy^U- JjJL£ 4-> k j^W3J>Vl _}lf^ ^>, 1 — ^ 

plj-^J- 0 (JJ J_££ Lj J J-JL^ mb L ^£UjJ LJ T * ^ ? If J_^- iJjJ? 

•J-AUij 

Stock solution *-L*V' JjJ^l j^a > 1 .0 

l -^t jfcj > ' t£JJ J J > 1 * * * l£>4 

.>111 itULL i-!WI ^ 

JwUt* i j^5 j.^- ^ jijStock solution <*lU> “T 

jj-^ 1 JU- *b* /W* 1 0 1 *«J1 L_ilja^j > ^jLjw iJ £>j£ j- *2Jj> 

Jjuj +^pAP ,}^/ ^ ^ 

>HUliL> \ Jl i *^U 

jl Jjjud fM\ lljJ jL|il .^lfr Vi ji- “ t 

\ — j-^e ^X Jl.1 j JJUjJ 1 ! j—£y C?H Oj-£j j_5‘j'uO *i 

S*l jjt C^Jlf loi >-*J ! l ^jLJl£ JJ J_*V^ Jl-Sj . JjJU^ J-* /^ 

. LJ! <i -j- 1 i ^ 1 fl #-1 ^ j LhwA \ , ^1 A ^ 1 'irt ^i J ^ 1 

jyjjj'j fjb^^b J^*1'J fj/11 Jd^ (VT.tr) 
■j=J t ^j=rjj^ Cl* J 5 ' 1 Jl a W* s) jfifj? 

j Or* J) \S>y —* (J-Sd * ‘ W* jj 



iLjLi JaUsJ 15>51 


t 

1* ■■ x Ii'^l! 1^-iuHd^ ilijj j tj^JJ 1 ! 

0-UjJ.U jL>Jl Cr^ jjUsJl l j\ t 

^Lu Ci^ fjj&JI 0^ Ut £^>- ^j,^UaX*V1_# 

uJ'LwJVI f-w^L L^JJ <jIj J) <J»1 4^3-LJ1 

* p o jSJl ol—J SJWl 5jwa>1 Z^lcLL* JLJj .( f Y *'V i ^ M .. J ) 

+ (WH0., 2004) ^jVI ^>tJl jsL* j ^Vl jJJ y* jO /ftyr-j^ 

* p 1 * *1 ,J1 J>_J t J^SlJI L1 j i IJ^£ j ^J ^^J 1 ! 

/ 1 ,F ^j_P i« m!?!1 jL^ *>a ^ 4>i ij_t Jjjj 4j^JJl tj f t^S*iJUL 
* 

Jlj sLil (J Jh-S^Jl 1-U .j^J 

flj^jl 0^flw*^-t L^j-d ijt-J ^ JLy? 

^ ~^~ ■ -^ 1 ■ A.1 j-~l -.-H >. ^ >-jJ Ji «( f Y ^ 4 Y 4 f^wJ ) | ^ ! i-w.^ I AS 

* h 1 o i j jl_p- (j Oj^j i j —‘o V t &L_^ j Juj£>1 .p o 1 ^-JlU t 

,( WHO, 2004 ) jdll J f ty^j^SL* 

*W* jj i J •.'* ^ J Jrl ^ 1 

j-*J .yJJl Jl f*,V ejlp l aJ jJLi jJJI jLfljVt 

^^-*>0 lUUj,J*jJ t d_jlil frL^Vt 0 1 

,ijjl J^tj ! ^]j^1j dill ,J OLfi jAlil L^J j\Jl\j 

l^J j_UJ 1 jJi^^6 jhJUj tJu^J »L-|Jj L/ JJ^P l^U-i_f^lJ ^4_I 4 4 _!u_> 

<Jn>S1 a r, l4. j Ch-^ j'i Jiij ,{ f T 4 * V t ) jjjJL 
.( WHO., 2004 ) ft*,0 ^ ^^Ul ^ 





* h S * \ ^ j 3-Jw^jJ Jp5.fr j^^JwSj' * 1 4 ■ I M , 1 *ib ^ I 

1 'i | j-j^ SjL-t jPT yi\ J —h PJjJU j**Jl jLfiSJl «L»* Jtj ^j-^JLU 

J| -.^ j >b%£ *b^l* -4 ■ ^ ■ ■ rfr 1 • jf I c ^ i ^i ir r T r~ x ~ j ■ ■ ■ L^I 

20 t *Ui1 ^ oUjjjIj *jsJ /^^jd^iJULo *, * * T 

*. ljJ-1 o lwj^J UI-A>w Lui ^£j (LSLJ I <^Lw>-j 

li ^J'i Ajf-LuaJl ijjUJUJtL Aquatic environment 5 -JlU ilJl lL>jJj <JU- Jj 

J Jl!l t *1 I '1^/ I bhvJ 'l J * 1 ^ ‘ll 3 j 1 jpl L-m-IJL^L 4- I _Jj '|fl ■ £- ^^Ul-- 

_*?^' J^a^j ji£ 1 jl <*^*S /^Ijrft^iL* 0 * J\ J-*flJ Jj < 5JU olj^jXj 

l ■ ■ 1 L — -■-^ i *J ^ I ^j! 0 I.' »■ 1 'j I L _ Jj'-*' J I .^T . 1 » 

i ^™J ) j*JJ1 (As 3 *) jiLSLJI ^L^L>- ij p^Jl ,^,'Lt 

Ji> k-jj-iJI jL-C jlIUJI Jiliiii ojJb 1 - wk^ji .{ *Y 1 * V 

■< WHO, 2004 )^S f^jJ^* *^ £*U^ JsS/J j^% ^ 

JI4*- UJOJ *U1 ij j^LjJl <JlA 

.j^ait JpLl iw,Ld1 o-jU Jjisj Cathode lamb j >jJLSJI <1 J'wlaX^’U ^jJih 

J-ju SjJtjiil j ^jLJL^I j«^LbJl j-* J 

l jm* j^ ^ y^ j 1 (SiOi) LSLJ—J \ mi ^ m^ V* i Oj£-t OjSU-—J 

. I^ 1 MrjO ^ Ar^ 1 O j£v JL * > ah ^ L . ,aJ 1 J|, , rn “^ '| 

i ^^hvJ l 4- J jjL \ 4 . .|rt 1 ^ X (■ l ^ v'* 1 
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t * o 

ULr-'i ^y^£- oUl ^ ;J **jj-Lf *$ ISLJLJ^j. 

ISvJL-J^ y* yi f jj^JUU T * ySyj i yl / ^1_^^JU \ * * 

*i |J T It j I--J. ^ ij lJ^4j, 1.■.i,i. 1 1 yy 

L-m-H^-V! ^J^ ^ Lmj J J jpl "■ \ hJ^j^ '| oj ■ kipL*JJhJjij ^ . Lfl ^■J.. J f? | I * ^ 

■( ^1f * * V l ^ ■ ■ m ) Si(QH)^ ^“1 <*jfc >j -Lf* *Lll ^ 

* 

: ^L L5 (Eaton etal,, 2005) Ubjb ^U^XmA* “UjJ l^JLJ^ y_J^ 

iJA\£S\ 

wjM ±A jh*A mmooluiti paramolyhadale tetrahydrate ((K3M —1 
A * 1 j ^.>* y* (4^- o i Viir /molybdate) 

£4 a-£j jl$ ^ J1 J_*^j < (NaOH 5N} V JlI£■ ij jlil pH Vt i,Va^ *Lh Jj* 

) * h wh\> 2-Tartarlc acid solution Xt * kii^JaJl JoF — Y 

0 

A -fthUrj ^ {(UjJj- j>t£- Jk*4) JlL* * * ■ j jJjJ*^ 

. Jj^l Lh^) 

T 0 <jiiL ^(Reducing Solution) J^j— sp- 1 ^ Jj ^ — T 

JjpU £* JiLJ! Jj>i! >1^ ^ T * • ^ (NaHSOj) Na-Bisuilfite 

l-Bmino-2-naptbol- J-Jj s -w>- 1 , t j (Na^SO?) *-JU ^ C—-,.,^^5' T 

j Js_i£:j T 0 ■ 4 j^> Jj >JjJLil *U J> T 0 J 4sulfonic acid 

■ s2JLi*w^ji 

Standard Si Solution { jJ / |***U 6 * ) i^UJ 1 ! j* Jj^ “t 

\—^^jf^m} ^j | ii^ i^t4~ 1 50 mg of Si/E 



'nijU J 


: (Page ef aL, 1982) Guvetli SJL^L — ^ 

Si £ ■ * - ^ * 4 j-* J ^ ^ p**- -^-Jj * 

'3jJ* ^ 

l H2SO4 jji^ l ^ 

■fOllJmlj^ J ij* Jh* ^ * 

j) pJ ^^^ £j£j JjA^I i—Aii^ * 

^ *™T jp^e JjJL^ 3 dJUij ^*jjL* 1 * 1 JJi-^ Oj^Ui ^Ub * 

:(Page etal. t 19 S 2 )Weaver -Y 

‘J- 6 * <*;,>■>1? ^Jt> M 8 si T 6 ~° O* JJ4 <b^ *^*Ji * 

-^jU \ H,S 0 4 ^ ' kJUkj; * 

-Jj> Y Jju ^Jjl£ ^ 1 ' t-iLiaj * 

1_ J_J.j ^ ^_f tiljjtjJaJl J, rt <■•> - * Jj-L^ j-* J-* 0 lJUsj • 

.(Jlj^^l J 'i ) aminoS-mapthoMsul fonic acid 
T * -L*^ S20 nm fjA* ^k.-' ^jj J1 * 

Si JjJU^ ] ^y* Jp» Y * i \0 i 1+4 0 1 * ^ L jjs?wn Jb*ju St. Cur * 

.(1 MgSi/L) oj/y 
Potassium f j^Uj^I j^-Uj ( 1 ,'T, Y 0 ) 
(J"W* 1 h. ■ ,J1 liJLgJ j t IAp- JL^** aJ-lt- ^jil aL-* (J: ^ l Jl^jj 

^JLt i$jz£ oUU l ^td | i *Ul oi j^j i jz ^J 1 ! *L* 

eJjli j J- *Ul 1 J lJ_ft ->j_*-j jp^'^ ^LiJj r^j^ljjJI ry<i jj^L V O wifi" 
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t *v 

jAji f-'w* i| y 5_~LL*J1 aj'i 4 .« It" « C>JJ> Jjilj .oL-i)l 

,(WHO „2004 ) jaJJt ^ fl\ * j 

!*■ 

_jt (Eaton €t tti., 2005) Liij .* jXa 

^ ) * * * J; Slock solution ^ ...l...i Jj i-c — \ 

4 J fJ—"^>r^ f'j—?■ 1 ^ ' *— j Ja—4 J—• 

/ ^jH—rfIJ jj ,j»i j-j- j^SL* Y Standard solution I _ i _—^-tJi J“ Y 

L jlji A W m! li (_* JJ i ^3 ^ ij ^ |^p* J-* Y JL3* L j ix£ j ^-LlL * 

L ^>' frlib 

JM 1 **i 

^jLUI jL^>- jpilitaJU ji ^|*X> 

,' I U^1Y ^LaJ 1 ! JIjl^l j*o>LL^j (V Y Sjj^JO Flam photometer 
jjljLAj .2 ^*iL-4 a* l^ih O * jL^sLl li^ i.rt *■ Jj* 

jL^^UUv-^i jobUjViJi^^^b <^i~X5J^U 

4_« jJa* W- ......J. I L^iio ^LJUl y * jj^c- ^jS^j r ^ji^x*Jh , i 

.J.L^i-1 jily ^£JU lJ JjJ>l^i ffvL* Jjt-£j jia^i 1 ! till 






,( Uadi J'hoComctcr 1 *-4*4^ 34^ ’(^^) *jjJl 

Sodium jiJJl (\, f, T ^) 

y^Jlj (AlkaJi Metals) ij-u-LUl joLiiiL 3l***ll oj-LhII ,JI 

I*jjj jL-flj'ji .aJL^Ij oL^ L|J 4_jJLf-Usjl UjLaJLIj f J^dl£- | J^J»J 

. fiLkil jjj Cj—J - Jh 1 ! JL*»jJl 

JwdJj j^J / ^ * * "" ^ * Jl sLjll jSy 

Y * Jj-L>- J| ^oSfl <^jJLSl uLh-* J ySy ^IjJ 1 ! I^wajl iiJkLa 

-( WHO, 2004 ) ji /f\y*J±* 

JM jSto 

/^jjjj_^o \ * * * Stock solution J^ 

-L^f- L>j_i}l j oLi£ Juu ■>_■)■ ^ 1 i jjJl£" a-?- Y , 0 i W 0 ]J«L jja c J^n 

.>SL1 cLiUjJ \ J| Jt^Ul g&Jl <__p 1 JL> ,obL 
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f ^ 

^ 1 ,A ^jjy£ Standard solution JjJj£ ~ Y 

t£ jW j ^U-Vl Jjiil y J* *,A * J* 

y*- jLiiii ^-iiL 

i^_—( V ^ Sjj-^aJI) ^ irrtVl lLjIjuj Vi ^ j, h j . .^ ^1 ySLc^ 

*( Eaton a/. T 2005 ) 5ij J i> 

tM’ &J? 

V+JUb |L jr l1'_.W l l | J>LaJVI jL^ nQl J \ j^JlJu 

etlj_ijl jyxJ vi^_y tjL|JLl h ■ .,rt^ (J** /fiyjj^* *,A) ^^LJttl Jj>il 

£y>-jJ 1 ! u-—a^.j r|ta £y-1 JwJU^ SJh^V^ y ^y-^ jjjff HU&j Syly 

^ !^jw jp tfV.fr Jj o"! 1i]j . * Ju^-J, l j l§>lj y* L>1 s_ : ~C S1 J otaLijVl ji 

LflAx >m ji . ■■■,-- '. ■ W ■ ■ ■! .. ■ i - j 11 j lg k 1 h. ....*. ! i 

oWM l£_>^ **lji *£Jb^* i 3 ,jji J *-iii; |*i *U1 <y y lijy* 

Lithiuru f j(.J^ ( 1 , Y , T V) 

* 

j ^Jj J jjp^- -Mjf! 

jiU^Mj < ^^LuJI j»* jj l£ 3 s-jU«—> t ^^>.1 

H 

.^_^JuJJl y >1 Jl jJwlJ l*y£-J r^LjlJjJ-V^ 

ojj ^ ^l) ^JjL ^ tf.LH olu^I jL-|^ .*^_j*JJ'i jj jlJj ySLxj 

.( Eaton ef a/., 2005 ) *>_> w_*>* ^ ^ 

/ p_iJ ^ 1 j_>-j j 5 L« \ * * * \Sy-^~- Stock solution - > 

j Aji> <-aS" Jjl j LKCOj oUO.TX £ ib ^a^_j *jiJLlL« 
.ax* oUj^Sll ^-Ull s-'JLl ji! Jl \; 1 tlLj^K jj JL^J I 





£ 

* yJ L JLL > / *jJLS ^l j*- jj£** T Standard solution JjAj£ ” Y 

CJl L*1 J* j **^iJ ^ iHsijjj J J 1 .J ^US)1 

jJawli 
J*$jjl sUjjjJc* 

*!■; ^ iihVi J-JUbJI ^Lli <_L^k- ,jj: p jh~JJ ! l^JuiJ 4j_! 

i jLfiU -ti; .ft . 1 ! (jdLJJU /^1T) 

^j-4 JL*aj -j-ukHj i+ 1 j-i!l j-L^ ,*J i j^iU^ *►!>n Oj-^ 

j obL£j)M Jl J\ u^£j -t5j^-t ^L* JJL* Sj^Vl 

r p J^bHWfcil L 

Calcium and Magnesium f j~Ji^ll jj-ial (^, f, t A) 

* * 

J. jpiS*! /j-ji o^Iju ^ jk...b..jjl i^- l>V bjii 

ffL-jll Jj o'i ■ oLS* ^JLt 4 j j-hi—tl 1 ! 

. jJjLnI* Oi h ■ ■■ ^1 OuJi)' 

^ Eaton e/ ajjtIp I ^ *i ^1 ^ t _$F mu v m, m fm ^ k b \- ^ **^1 J 

: aL t 2005 ) 

Disodiuiti d [hydrogen ethylene (^, T 1 1A, \) 

\ * pH pjj JLLe- ^Liji EDTA j* 01 JL*^aJ 

OjU <w*£*j-* ^ ^ pH AJutj ^^p— jj oj'Ij 

■ ■■ li^ll 

^ijaVi 

oLrfll* ol^ Li ~ ^ 

. 4 jLJoJ (oji-) ^ 

■ oLij^ — T 
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t\\ 


-V*^"JJ**-*J •kjjbS') (>• ^ 1 pH — ' 

J! Jh« ov* j pj-SyNi JijjJi" tv,© 

■jt 

* 

^*-^* 1 * 4 N NaOH “V 

j NaOH 

^^-*,0 ^jIIj :<K01N fjy—Ji—ijjXS" Jj^ —T 

■jj J) j^^U^ 3NHa ^ ^ J-' # j ^ r ^ 51 ^ 1 

^ j^s- *>G i-*1-L i Eriocbrome Blade T JJi "£ 

jj.Ju£i i,jj|—**! O 1 ^ i 10 + (F241) ^-s 

. J LkjCL^'jU J-* b- iJL* ^ ^ G tj^ Jpn 1 4 * 

*.0 ?kj jJillL Uit ;\1u reside (bL^Tjjti 1 !) —A 

,LaJI tjlj Jl ^^L'jJI OL^S* f^5- ' * * £* ^UjsL?£ 

j_- j*-?- Y s_*lJL :(ltiLykdediamiiitetraacefate Jji£) Otu^jgU! —1 

Jojji? ^ *,* O + {disodium dehydrogen etfayleDdearninetetraaetate) 


L■.■—■ -^ ijp-A^ 1 4jjL* rt ■ 2 j J £• L1 £ jji wJJiJ i^J ■ 

aja\ g (o) t u> ibVi r u^ ^(r) ^ ^uii 


I j_* ^**£ L$Jl wjljajJ J, J,lr 7 J a S-L* Y * A-*^ J>- (l 

pH JpuL) ^jLn^ £ Ojl£ la-ii 0 i ^ jY* -^ r —^.J jJlI Jt— 



-J J' «>*■ 


m 

jjh tfll fr-Ullj WJ^iL iiJJj |J.l (JjJLIl 1iL$ ( ^ Y Ja**rjJ\ 

J-MdJ Purple ^>wwtuJl 3 jj ^^ ^ 

w -lLLO , J j - 1 ■~ J t^ > T-'.'.". 1 . ^ I 

L^-w^) *L*J ^J^JLdJ jlj_U ^l-i. 1 ! Jjr-* |*-S*U~ (k^ 

oLji^l jAvj 0>W ^ISUJi* *, > ^ ^ jy£ 

C?>Ul 

^ * * * X dj aJ X j^u *AJI | h4_3»i_^ 

--- 1 --- = jJ Ca 4+ 

*j>3*^ 

^* j^JLsJi jjJlSj — T 

I 4 J) JU^j tijJJ J T * (1 

'li ts . ^ I J^Jo JaJL £ t { \ * pH) ^ h ■ 11 iJjJlil \ ^ — 0 

ijw-ji!U JJ Jjl JJl£ j! jivi! 1 ! ^ 

. lLLS J j}, ^»4rX>Wfcwl l ^ ^ ^ ^ ijf 1 "** 

V kL--j4 Vf jfc j : ■■■■■ Ui ^1 jJJ *Lll ^1 ol j> # 11 oLajj (^ 

r|JjjV^ L^jJJI jAmJ .Cfl+Mg *.T .^£- J^JjW 

4 Ca+Mg ^LS^JLL* ^ 1 r?* ■ \ <* jk—J 15 U*i 5 Jb- 3 ^ 

( ij^jk-a] 1 ! Jjjb x ^ = (jJ /^^bJUU) (Ca r — Mg 1 ) 

("i) (( <U*J1 v ^ + 1 ) x 

( ^ )) — (jiJ /(€a ) 

(lj) (( caIi j4w ^ y * * *) x 

( v -I) = (jJ/^l£UJL) (Mg") 



nr 
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3^ f lJbii-U jjjt&s (^,r,TA,T) 

A Lomu: L^I n-' -1 ^ i-^m n ^h \ i M ^ ~>~ *■ I ^ •~*— _■ ■ ■ •■ LL^-l j ^ t 

m .jjJlf j-1 s Absoition Spectrophotometer 

.j^a^U Jji* 

t / * jk^vJ 't£ j jSL* i ,^-wm Li JjLL^ ^Giiwv L ^ — ^ 

J*-* j-* ^j'j^ J 11 " f.*?**^' J* 

.jUU 

Stock solution ^-L-V' JjJU^ J^» t JL>-1> ^LiJi J>U^1 j^tA. - V 

ur^- ‘j& ' «*** 3 jj J ij i ^^ * ■ *) 

l jUill *UL i*}Ut 

oL'_j-;| j** T.O ijliLi ^L-jVl “T 

■ j, !ha ■? 1.1 £ Ll L jli ^ ^J1 JjJjil ^-! ***£* i^5 

v "^ - ^ ._j f* ! ^ ^^ 4^ A*<^3 L^ 1 J^J ^uJl [j* ■-'L^i■ . ■■ —— * > J ..S ■■■■■ ^ Jk I JuV 1 v-bjP* L ^ 

■Jj-^ * -T jLfi- 1 ! 

* h 0 “ ^V* 4_Ja£- <-i^£- ^,-iiAJ ^JlSI J^^J 1 !^ YAO^Y 

Stock solution JjJL^ ^ T jjJL ^-LiJ 1 ! J \jXMj^a^ - 

Lfr ^- i (*j ^ 3JJJ j (J-^ /' * 1 O 

R jlj/ T ijlj^; J *-HL 

J-* ' ’ * <c ^- iSJi*-* i 3 jj-» ^ J- 1 '' lt—^' 0 -* -*-** 3 * 

■— ^ ^l' T £ Jj—L^ IJL* .jJaiU ^1—IL a^VuJJ i .w^ j. 

+L ^jjjl jl^- fJjl^l >*J ^jxULU/ 





m 


i>* J-* ^ * <3 j-^ <>• fb^ ' V*it “ T 

■.M 1 ' J! L -*& <y <Jj\* T - fl j*-**- 

Phosphate CJU^ijiJl jjjJti ( ^ T V 1 ? T ^) 

Sjj**aJl ^ *lll j; jjhLujjJI j^czjJ ejj^aJSi 

O ^ ^ Jj| ■ ■ ^ ^ w.<iJ i-I d „•* .. W ■ I j-LJL^ ^i v'' 1 ■ m 1 1 j/} «^PQ4 ) ^ t/7 ■ 1 i*1 ^ JLgJ 

i j fc -iJi.' Ol w*£ - i-jUl j-C a^Lj J*mu J *jijJ 

iJLUil 5-JU^ **U& ^j-* <A-Ull u y>w=ii i_s*U j: 

UlLj oUJbkllj l LflJhj£ ^waJ 1 * oUiadl ,^* 3 - 

y 

^ ■ 1 I * ■ ■ j J 1 1 L_Ji w^'^l'U 4 1 I L ? j * ■ 1 lj l ■** * ^-01 1 I %J I *1 1 n^f ^ a '■ ^ •* ^ 1 

*■!■=■» Jgj’i ^JUI Q ! ij>i V? ■ J ij pi* J'Ti ...1 1j UL^juiJl J-ll^l'u w^j-bil fijhjj 

J ^ ^-^-«- l | «—■ . -■ ^ ** Eutrophication ^ ^ ^ ^ ^Jj[ 

I JL* ^ oIjUjI fiji Jj-Lsi t’cjl wJl jJI wUl£ J,X^4? 

.JLfljJ-l oUliJl 

t jJLJl lJ? ijiaJ u j -Li^ 1 

Bluoaiolybdcdum met hud ( Eaton «t at., 2005) y >tJjt' Jjjl iS>ji> (^, 1*, T ^, ) ) 

<>* T 0 yjj-J J-^ : ?J—= i ^ 1 C,,J —B^J 4 J>^ 

.jJii. t L.J_- 1 f * * «_jUa_>j i ^U" J {{NH^)^MOvOy , 4 H 2 0 } j. 

.<4jLxSl 4jbV J^ii] ^iljl .^.Jb f Ji ^ 1 ' S^l 4s* j} J^if- 

, > VD . 4j jJ ^ ^ Jl>ai ►UVj.S'JLI JW)I ^0 J- TVO 

■ j Jjl^- * Ja»j -J>^*J iJjJL^I 
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no 

JhJ' l iJj l |j>jip >1'llV I t Y 

,j>I* > ^ » j Potassium antimonty tartarate KSbO.C+HtO* 

jjW jtj- 1 * ijJjj : Ascorbic add --^1' —8* - f 

^ jiu* Jh^ A * oiiUkj ^ * ' Oc4-j lJjJ- 1 i3 V\ 

T j>- *_iLil£Jl \Xk cJ>7 * i^^UJU iwii>- 

VI j,rt ^ *jjL«aX* f t 

.Sj^iL* (J>xi^uVl JuJ 

l*j>- * n Y 1 ^V o_)j^ -KHjFO^ ^«jLS 

Y 0 *-JLja-i .jJaAn rLi Jl-* 0 ■ * fijwLJ h— o'l jtJ \ jijjO J: 

J1 jjb ,j>iil frULi s V iiLi?>£Jl 

1^jLaa l5 JJJ 3 JjJL^l iJLfc £y* J^* Y * L^li'b 3 jj» f \& * 

Y JJ-L^ lJub + J_lul^ *Ul t-Jl-Jjs^J . Jj_j» 0 * * 4.»_ 

tM' 

pJ £$J^t t J* iSJh** 3 jj* 3 *Ut 4Ls. ^ J* 0 Ji^ "' 

. jjU^£*d >JjL ijjj-0 1 ^ 1 J Ji* 4 ^* 

i—Li^j + Oj-k^j V1 j >i-LLj j V1 ^jjVa *!■>■ i?jJL£ >r« t 4 -J 1 “ Y 

.i-bUd j«u 

^■UL J *L^U-lutf sJljJ lijU JuS>j i ^1-*^ 1 * ^3 tJ“Y" 

jjJJ 1 ! jL^ ijjj-S^^JUU A AJj> Absori>ance 

. (A.V S^^aJ 1 !) Spectrophotometer 



j J&3 Jl 


m 



v w -j ■ - 'y*«B 'Ll **- -* '_^4i “ t 

lJj'j - 1 - 51 o-* il—j— j l O'Uu^yjj Jj-U 

-u_*3_? J^wwi L*£ ^jJJI r^ijSj i£j£ 0 * <uL*l , i 

i j-a l$LuL Lhj r^J aJl .,rt ■ jV ^^LUi 

^ J^- I>*J 1 yp-^ 1 Cr* 1^ 

. r 1 / j V ^JLiiAJij o^l 


jj 


fjie- f*-J 


JtaA 0 * A_s_*a> ^Ln 0 mJ hiJ®! j^Jl_iXJ tULI 4JL£- *^*>- 

(J JLt Spectrophotometer jL^ ^^Jlc- ^LS fj j^jL^L ^ULI u'jJJl 








nv 
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jjj f *>* ^ jSj O^j AA* Jjt 

•MA j ol>ijiH 

J* 

Y = <(0/0* )X •,T))=.HIi 5 frj^lj/; 

\\ Y* = «T \f Ao ) x Y)) = .lil ^ olL^Jl j/y 

Carbonate and Bicarbonate C*Uj OUj?j£l1 jjJif (% f T , T *) 

juj-u* —- j— J i J-tleJ 

kJMw> J-ijlj c-jli oV J^LiJ 1 ! jl jhw^I l--^ 

Jf-tLixl 1 ! ^X%»u j <k y i,^a J \ l Jlc-’IjajI ^ J^LiJ J^IjaSI 0^ kilSJS" 

.(Eaton ef ct/. ? 2005) J| 

lijAASi UJuV*i ] jm» 

sr^ p i h iLj^i£’jj^L^jJl iSj-^ Sj^LJiU 

# y 

<^sn-U Sj^'uJl jLiii ^ 1^*- Laj_*£ dJu*i > 

j] JjLd 1 ! 

w^s*- ijLbJi-^ ( oUj^p* lLUj J'^j 

.jAj ^ *-+?* fjA—' ^ ^AJ Aj i Jj- ^ 

( 1 1 * \ A) + . . + _.Na^CO* + HC1 = HaHC0 5 + NaCl 

( 1 *1, \*i) .—.. ,NaHCO ? + HCI = H 2 Ct >3 + NaCl 





£U 


-Jl pjj Jj\h 5ij-jii sA^il* -L** 

Jl oUj^^wJ 1 ! J^w 2^Ull t AT ,Jlj^ J 1 **' pH 

riJU]^ *l£X?1 i_j ji JuiP #U JJ JwU^JI j ^jJi 

ijl JL^ 4 -LLj ^ Jft * Jj|JJ-JI .,|1 il oij 

f 

. JjSh Hs-Jt ^ L-^L* Oj&i Pbenolphthalein ^J l Lii J j^iii JJj 

J^S\ < ^'LL> J^c-Ux] 1 ! -k-M-j ^Ji.-"j i-JtJl *JU-jil J JjLaxJI Lkaj JUpj 
M ethyl Orange J-iJU ^Li;^ J*Jj OjS±j T.A JjpH_51 ^j. Jhd-*j Oj-j^ 
.{ Eaton ef aL, 2005 ) ^jdl UL*. iJ^ji w^L* 

i ^ K o iJUJl iJUjW 3jjL*i JtaJLll J-J-» ^1 Jpw4 OjL j* . 

Bromocresol ^j>- J-Jj JU^tX^U 4li LJJ ol-^J kJI J^pI* 

.llLJj U-j->j j£\ 4J[ ^L*>- <!>■jil jJU J green 
lZj'ljj^j^XwI ^wha5 JjhSj ^rJ iJLp J^UaJI . LJj JL*jiu^Ij J JsLjcJI ^JaA J££r* 

\ ( T ) ‘^LmP I £,>l ( S ) i^U J julib *JL'l 

Jf_J^ J IaC-^ L> ^L_*ll oL_i_^jj5w JI J'j_£ jj—* 


*-*& jjV i uu-jU,) *i. jjX i-i^i sju^i ^ 

*Ji_jLi1j Sjc.iL? L ^d\ o>UH 


JpUs)I 

*>'' J***- J* ~' 

.j^- v.\>\ jjjj -t 

.^lii ^ ^ vt j' J~i' J-k - r 
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til 


T "t 4>1 kJi’Ud^j ^ui?- *J JjJj^ ^y* p^u- ^ 

ijUJj Jj Pink color i ^^$J* lili o*JU* JJJj *>* J*£ 

,0) i^-UwJ’i 3*1jj J>3o Ojbi\ *li£-] CjUjjj 5^JI ->_y>-j 

J-rs^ ^LLy j\ ,jJj->- \J* ^ ^ “V 


l (k^j) 3*1> pj ,j j'Ijc] 1 ! jjaJj SjjUdl 

W * x 1 _> + > I a> x (^ x \) 


hJj!^ jfcM- 

w * * x :> x (ft x ^) 


*>*11 Jj-L^ 


(>/^^u>u)cor 

= {> /^i^>IU)HC(>,- 


.phph JJo Jyrj J* SjjL^JJ *j,'>U l l >i^J-l = 1 

.MO Jjj J>^wj ^ Sj^U-JO ^J^Jl = 

: ^U^>- j*j£)l -^J^J fij.> 


I 1 + * X ^>h!>1 S> X S*l>]^ 

-- = (LpJ /^^Lt*) HCOj" 

Jjl^ 

Chloride 4*jjl£Jl yJJS (\ , V*, T \) 
■^■ 4 i %v j Mohr $ method j^4 ^ 


kij|i>j 3jjIa* ^.,Vj ■?*>! ki^Lnj^S" ^JLp 

: ( Ltilan et aL, 2005 ) p j^Lj oL-^.5 JU-x^L JUkAB 

(%T *)<,*♦*-. NaCl = AgNCh = AgCl + NaNO_i 





a* 

( 3 Y 'i)H., + + - 1 , + . ak + + H,K^CrO J | + AgCrQ 4 - Ag : Cr0 4 + KNO^ 

JU^^Kjl -llC- L^ifr gjlllll 15 J jjhjj Jj'lj^Cr Ij^r 

J^-J 1 e-Jwft j ob^JaJl 0 Ju^j 

■ cJ U l 

yj tA J^l I 1 

Y H Y ^ A S-j li L> j „rt -^j. -l ■,* T 4.,Vi h^l o IjXj- Ji^ 

•jJ Jj J^iJ <JVj* ) a ** ^ j *7^' ^ 

• K 4 C 1 O 4 oUjjS" ^ ^ oUjjS" JJj - f 

J^fcjjl i&jl? 

^ P% W T | L J ? < JiI 1 fr I i ^L-*H^*5" ^ 

^LSL-lL* * h * i — * b **o J jJL^Lj jljj^ISUI oji—<jt 

.(^ ii! 1~*J1 Ui£) 

S^mi l oUjjS ij- 4 £-^1 ljUaj 

i-k* JiuJl ^JLaJjJI Joljb yF-^- 4.,rt H^l olJ J-^£ 

lil ji JdfrLlil *Jj3*-1 

t ^ UJ ♦Hi J i-*? s_—^ 0^ J**j 

'l 1 * 1 ^ 2 *£ x — t) 

= <ji /^LS,*JU*) Jm jjJxI 1 ! <y*S' 

i^jUd 1 ! J jJj£ ^v^- 

■ 4 1 J^__-^-, 

, <U*J1 JjjIaI ol^uJJU j-JLp * 1 

1 I-U^^wvvwl J jJ jji. I rt tf 11 ’«L- 1 JJu-- ■ 
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m 

x i oLS &U l . jjlp = >J /^iji»*JUk^ JUj^iiJl .', 

OJjJ' 

Ch >» y.^ < vr ,r y> 

»U* 3 (J 1 ^^ -W ji aUU 3 (cij AS 

Jj^jjl Jp^J * *jUaJIj iSJjJ^ iji-1 ot£l£Jl ^LaSI! pJU^I t-j 

ijJJ-LS-J .jj’LijJ 1 ! Uol^U ^5Hi oI^j^J 1 ! -LsJjJU JJ[ jjl£JJ -JJljJll 

h JJU jtjil .j^ “3s£—kr*-! 1 ! Oiu'ljj 

L? l£j-* ^^JaU j *j**L^Vl 

* j-a ju-^ >4^ ^-jJ Jj-J 1 * ,j-^ oLu^-^L^ k&j*^ 

^IU^Lihu U 3j-hsJ l O <jjj la^a J jjJ^Jl J jj^ 1 ! J -J5^ 

oi ji^fl 

P *UaJu t 0 * 4 jw> iJsj^ l3 j “ ^ 

,J k g 'j a + i^S-U "T 

.SjjIa^JLS o * -T 

^ jr* ~ ' 

o J ^ f ^ji ~ * 

.ULj ^ \ lJjJL^ “ £ 

Jh+JtSl itJjjJp 

k>j‘i .,Va j J-j ^ 0 * ix^.' 3 3* 1,1 * * <W» *^“3^ — ^ 

. t—T Jbu pH Jl ^~^aj *j£jAl i^LllLl /yp Jj* 0 



d _^i flW* 


i 1 JL^>- i iU*J * JUJjjj \ (^j LL Ls O LJoj “ \ 

.^Ul /jP iJU*^ Jii^j wJj \ 0 SJd 
UbjJl J|__Jj \j—* olj )■?* i uL^j ”T 

C'_J-U\ L)J-U' fi-L* J] dj=*k £/>^° 


wiUM 

Tfi.ix \ ... xtx^^J.! 

--- = (PPm) Jij.>Ki' 

(j^ \ * *) JijJl 

(so,-) o^i ( vr,rT) 

(CaS0,.2H 2 0) ^UU ^^-JU ^ ^jJLl «Ul J objlll -L>-y 
j 5^§^A.\ #LJl1 .-04^-1 -h^jjS j (pyrite) 3 4 « nffl j\ (CaSO. 4 ) 

J-* jsJ / pi\ * • j-* J-# 1 \Sy^~ 

Cr*L_^jjnS ^*_j^- - J —^ 4—<\_JL 1 ol Aii .ii*»)! u . 

(Na 2 S04. oLj^j (Epsom salt) >1 pJU ^iJlj (MgS0u7H ; 0) 

{Page et *UU ^1 jUll <~~*$ «JL*j (Glauber's salt) j>ji*- «^-jJ'j H 2 0) 

.al. t 1982 ) 

Turbid metric method 

j i~^~- ^ ' ■ * I O 5b 1 *i 3 ■ £- ih_^' \ ^^ J J • 1 ■—SjU ^ ^ ^ —.j ^ i ■ ■ * 

oL^j^ ^jjj J^ SO^”j^J /0 

4*iP J|^ U 1 JjL-^J ! iji 0^4 BaSOd J 1 ! 

u-^ J_j_l£ 0 —^ j-rt ^ j— 1 Li Lr ^ Lp^UUj Spectrometer jL_|^» 

.(Eaton ejf a/., 2005 ) 
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trr 

sj$arty 

.Turbid meter SjISjJ! jl^>- ” A 

.Magnetic Stirrer ^_Jjw “ T 

•J* * 6 • S*— ^ “T 

>C U 1 1 * — t 

JJ* 

JJn-LiC J jh^Uji o j^l a,* Dightiralc Barium Chloride *j^Ul ~ ^ 

,(BaC] 2 2HiQ)J~*r* -T * 

^_U Yd ol.>L ;BufTer-S 04 oL^JnJJ \\ Jj_lil “Y 

. l G * * aa-^u Lju^ i3j-jJ ^ jJj j W jrf ^Li J_* Y V o j NaCl 

absolute ^2* J_^Lj^l Jfr* 'l * * + jf j-4 HCl Jub TT * i_ ■ .1 ^ L^ilLid 

j:** i^JUfell (iaiJU i_iL^) glycerol Jj^J^- J** * 1 + ethanol 

*UL oUjJ 

— ^jjuu Standard sulfate (S0 4 “) J“T 

Solution 0-2 mcq/L jJ /^ISL+JUL Y 
0,0.4,0,8,1.2,1,6,2.0 meq/L (S0 4 ~) 
j^J |_JjLa^ ijlj Jj- ^ ^ •pAVYT £>Jt# -i 

( a i i jLtl/jUiUfU\oij^>ji JjUhju^ J4>- ^kill till ail^U wotj 

.^LaLI *Ul1j ^LSo Y ■ * / 0 * i U i \ Y 

J**!' iijt 

.SOrjJ /^ J_ri JS^/ J j-^dJ-1 CjJI k^Ufc£ — ^ 

<JjJJ J* * 6 * J <>• J*' * * -1f 





Hf 

■ J flU iULjjpj- ia~Jajl JjJU A i^-SLjaj “T 

<1^ JW4-' J*Alj <3jj-tJ' J^i*> 

e-jJs. AijJuC f'JijUl Jjj- jjj? ,V» * a T e-Js^-1 J Jj,« ^JUaj ” £ 

.SLitt V 

ij-rflj- jl^r ^IjjlJLuL ftt *1£"J '- jl**- ^ Ojj-J' v»-i ^ “ 6 

.SjiSUJi ^Ul j-I JJUj T— \ ju> jj >_^U T i * ( Turbid meter) 

(B) OjjjJi ^(Vr.ri) 

j* 

4jLM jtLil J 3 jIc*j t Ijb*- oLa^j ^ 

*iJL^ ^JlJj oU*-£j ol 4 iS^ <3 iS^* 

^ JoL^j 4 —1W- ^ ^wL-^J jK-jdw? ^/l l ol^JJ _ ^ *. r .U 

•_r> /f'je^DU 

^JL^iaJl a ra Jjj ^jJI lSj? w^L^i^Lw^n ^ OjjfjJl ^Ubj 

. (Bingham, 19S2) Azomethme-H JjJb£ ^J^UjIj jLSjJU 1 ! 

-Polypropylene tubes, J 0 ml capacities “ ^ 

* Spectrophotometer ” T 

\o j NH^OAC ^ Y 0 * «_>1iAj ; - j iJji^ — \ 

.^Lt- wjLmsj jJg.^ s-L* Jj* £ 1 * ^ tjlJb) 2Na JL£- EDTA 

- Jai^j ^^*JU vjUJU- Jpo \ T 0 
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wjliJb H ^j 1 ^ ' 1 1 0 : Azomethine-H < JJj “ Y 

i ^ ^ ^^3^:) L^&scorfcic ♦wS'd- Z^I" 

y 

'(jij£ 0 J*^i '£■'*>' J^f (*L* Jn 1 * * j 
jJOAfi * La j JiiBOi lLIj ] yj i * "*- * , ^ ^ £ t^J * ^mtLj l_1 ^ 

*{ 20 jig/ ml) B f. 1 T♦ jrjal djiil \Ia ^ J- \ J£ -.</) \ ^) 
L# J> J-* o 1 t i f i ( 1+ { } * i iJUl JL>3d ~ t 

■ (ppm) J^/B \ * i A t 1 i tlY oljJpn 1 * * 

i^ _yj JLfcL^-SI j\ ju^LUI J^JLil jl ( j f di^Lu> l i ) JU-^j “0 

ia-lis (Jiil.' Jj-^ S J* J-» * i^J-f) J-* ' * f-s**- J^' 

y y 

,lJU>- >J^j Azomethine-H JJj > Y ol> * \X?? 


> l ■ £ Y * 


*Vi, i-^ 4 i 


. Spectrophotometer 


OjjhjJlj Ojijll (VT’,1’*) 
frlU ^ ^SLr *\IjAl jJlLj ^yl 

J ) I -W^ij aJlJ J ^ ■ ftl ^ , .H r^ ^ 3 M & L__JL>Jl ^_4 i-a-AI JJ 

Oj £J jj J 5 ( ij Jjij t O J l ) ^ ^ J1 ( ^ LJ OjjJ “ ^ \ ^Hp- 

^-tL_LLl 4_^Lt1 j vtJLJlj , Synthetic LJ!!£ 4jj.,rt e- oL-S*^ 

^ y ■ ■ — T hji ol l j-^£ pUI 1 , rtJ .1j 

Lf^Lrj lJ^AJ Ublij mU j* ijj Jj'^u!^ oLcJL* o i >5" , h>_l& 

.( f Y-V S+ ~J > 





m 

iJLc-J '■ ll c v ^ ijJL* i> J Jjyl l ,J 4urL«iVi SJL^IaJl 

l ^ £i %*-J' y^J <*w Cj^J (CFCI 3 ) 

I 4j“ |4i-w| 1 ~j Si c>^ub ■ Hexane u- l/ ‘O ii-J i,«. 1 . 1 .■ *‘i a .» j O.jj'j ^ ^ 

'l A^pi-wJj j ■/! ^ 1*1 a! nki * !'| Jll^ O'l^n 3 Jlp LflJ-j j 

-gfM-' <43Ji 

■iv^MrLi Cj^ CFCl^ 

,{pT ■ *V i J S^}] J\ o-U-1 OjJO Infrared spectrophotometer ^1 Jc^wJu 

*UU Vr^joijj^ 1 (V$) 

wJ-L& ol jSLc ,yji i.V51 JJUJl ^ *UJd JL*.AwjjSUl JJUJL 

* i _ ? ?w^ji kij FA i1 aL~£ ti-jjJLJl i ^.fr J. # .^ LJlj .^Ij^SU 3 j .. J i^ Lj-iSLJL 
i'U# dliJiSj jL^Vij Cj^aJ^j jL^I ^Lh# ^JIa ^jl* 

l__'L ji^ ^ 1 sL^jj *■—-* 1 j*** ^ • 

H H 

LnLt L**LJLn 4—o UjjjfSLil SJIjJ o v>j 

..^al*il i^j^jL 1 ! jj^>i-uySVlj SuaJIaJ 1 ! ZJUJ1 ^Li- jr* 

i^Jj_Ul JjL-iV 1 ! J.^5^*1 ,l-*i 1 ,*_a1 ij-*J 

Uj-jX>\j j>JL-P ^La>- j ^LS j L^JIjhj |__^ j<_«j^ oLj jjpiA'i; ^jL>- 

.( Fkal Coliforms) h}\ jJ 1 ! oU(Total Coli forms) oli j2}\ 

UrULl ^s*}\ «gi vr^j/il cjI jl^i ( 1 ^, t, 1) 

ilJ)!S j -L>l_^ ^jsj Enterobacrer aerogenes , Escherkki coli 



t YV 
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j sLjil J oL^jjSJj iLj-JJ J-aJj rJ-'ij. 

ij JjIjuJJ 4^L^> &LJJ ^j-^j ^L-jc o jJUl 

^JJl_SsU MJUkX^sJj i-JbjJa,Uj ( a \ \ A A 4, J ) 4u_i!!iU-j 4«£- l ijjJl ^y> ljJ-V 1 ! 

: t/* L^ 

VJ|> £>j»j* Vj^ ^ (Vi,',') 

Exammutmn for fkal ciiUform 

‘i oLil^ii’b i'd ! . JL> j|Jc L^*i yO 

: 4^jl^J1 OjJjtiJ* 1 

Presumptive lest ^jU^-^l :*Sfji 

,_j-^ jLx>-Vl ij&t *jUs^^!l 3 j£ii 

^T*v |jr i* .jfi .,rt "njJI T £ jLt-j ^j.rt T^liJjj 

jl^S^Sh J7~H &-U* ^J-J 4 p-M* /j«# ^ ^ ' L_*J jUJl Ji£ 

iA- L^? 4 wU>J k_JLnJ j L-^i- VI _>^A bJj i <* ji* <u*J l 0j&-' j w^>- _pt> 

o^j\ .j-* ^ ^ * ilr^ j-Li u-j-S>j lij i 

^wJU ^l" - L^irV £ A - J — i*i^ Ji >J“- l,_J' 1 j 4 1 ‘"J^ - ^ T £ £' J^k. ^WfcAj I .^jfi '|fT^- ^ I II \ 

^ULij j;oljCj-A^ji ■J- i jJd l i UJJi J-Oj *JLf-j 

*( ^ ^ ^ A A j Ji^£ ) ] jjp \jASM J! 0 Lli 

L^Ji *i <£- LwM £ A jju? ^Uvj jLp Oj-fc ^ 

+ titjLl^^1 L^JLt O- Donblful pteaumplivt 

\ ii ^ oU^La . *UU jl Jfllt 

.i/j^-j 1 ! JjjCJ jdLil* V jL&-\ k^^jU 1 ! j ipjijjo ^ap^xI^i JLzj*- k J iLo _jJJLL* 





HA 
CjI 

^■LIU \ JJkj jJUL-JI ^£*1* 4J!^j j>LjJj — ^ 

ASs] ^UL 1 ! ' j vUa 

r <£ Uu ^ V Jup j k_wL *if'i jp — Y 

. Ja; jliJI ilr - jL^-^ 

JJLc JLp 1 j-1 ApLj V £ iji jUkJ-^ Jj ^wjUSfi ” £ 

♦fW> 0 * ^' * 

r4wjL^ ^ V -m- . *. 1 4- ^P L^U ■£ A Jjl, 1 ,aJ ^ 

* 

Confirmathm test ^t-Srall jL^-V^ 

ll^Cjlvn jl J^LvJ 1 ! jLl^i t fl 

(E^J.B^) ^ \ 1 lj Lflj^wwv ■ j j *^f 1 I Jut ^ i^fcJ 1 ^ ^ 

^■yr «*Ll ^ju-^jjV 1 ii-—y? j-* o jjIa* <jL>U <±Uo^ Eosin methylene blue 

<™JIi i- .,rt " klUi Jbu 4 OJLt-UJ-l .jftJL-iJ.1 <3jj^ Ajl^j 

O^j-S vt^wJ^ j-* LfrJUu 4 <pL*j Y £ 3 J_i ,j»T V JUP ..Va ■£ J ^3 L]fI 

Uj-SJ L. UUL jyftUl jSL* ^ V ^jJ\ 1 ot .UUI Lj-sSJl 

■ LSii ^Ap V iwaJI oj C-*3- iiiAll i^Jl j Ju ^jip 4slLi 
jL=^1 " EMB ^ ^ ^ JLif :i^yiai^ CjIj.5^ 

£"- ^ JSU <pU Y i 'jti ^*p ” Lfci IJjSLL* j^i c*j2& 1 - ^3\ 

.Coli and Enterobacter aero genes 
Oi 

^1 EMB ,^ip 1^ - i£L^ — ^ 


.jSjU 
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m 

iM.i'ilj £■. cWj Lj^SLJ j>J] Ujjll ^ JjVl ^—J31 ^tlL - Y 
jt 4-^jit *ju*J1 aI^Ij* ^iJWl p~JA\ jKjUb Ujw£, aerogenes i>J' A^jjll 

r >>>tX}1 dJJij jLx±-VI .j^ iljSwl^ 

.A^Lai Y £ e JuL jTV JX£- oUitM ijj Ij^Ia* JjJiJ'i -T 

ijjl—AjJi ^ _'^-■"■1 0 >Uu *^fU'i Jw^-J>dlI o’lj, ^<TimJ *1 “ t 

o i j-^ ' Lij OjJU 1 ^JSlil *j> 1 |j oI \ 

.i*i\ apujw r usVi ^ 

L^t ii. Co/j 4-J^U-l i o!^aa 1> '. 01 Ja—>- Vj “ G 

L ' Jjl ^^Jl^SrSrk *^ 1 , ■■' J. > ^ Lh 1 ■ 5 L fr .-.' / I- ^p-' J^Ml 0^^ Lj-Jj 

•(/■^ OLi V u-A> jS'jl' Vjj Uj^s. W^r E. mrogenes 
U^J^J Oj_*i'ljL Sj l J^>ll’l k_r> I Jp ^X I u-* J * 0**5? j*-M 

oLj j£J.l *Jjb iiiL* xJ^" jl^' oLj Wi ' 

Jib 

■» 

UU- 1 ! aJl* jj EMB ^ Vju Endo agar 3 >j jSLc :*J*j*%U 

ijj-L LfJ_^>- <juJ1 0 jJtj j^oLp olS ajlJ- 1 ! j Jut E, Colt o L | .fl .*."■% ■... ■■j 0 jd*u 
OjJ*3j J^o l|J £. am>£erce.£ olUl « ^JU* OUi oli 

-l_f^JlJ1 

Complied t issl s? L*£s)l jL^V' 

^_Jl O' {j-“ »x^lx)l j U-i -Vl lJ_fc 

. U-. >J*i cj\jjj£-*£ Lfc^L^l jL^=V^ J oj4Jp 

>sju1 L * /J-^ ** l M | 1 , 1 ■ l ^S-^1u ^^1 

■ f J 1 JpvJ" J ■■ 'i-^ *H ^ ^‘ 





ir* 

^ *-frj* oJac-i L jiJ ! i (jLJ*Vl :5 j jJiiaiil *ljbj 

jL«>-V ii^U-Jl ^j5"L^ <JU/ jl «Jj^j^ iJLj Lflj — J^lwJ 1 ! 

^JLL* k^-uUl “ <i-^s “ 

:J^jJl oijja?- 

j£\m* jl 4jLi ^«a1j — \ 

jLz>-*J\ ^ i^Ull aJIjUU dJUij 

,itL~' T t Sul ^T'V jjsA 3 ^■■.g.i... 'I mLju- u-wUV* 1 ~ ^ 

4ju>jlj ‘L^ yw^ 1 1 j j ...i ■*- iJLLwJi ^Jjlil ^jIjJl! jj-d -T 

■ J mu 4ll1 H^jJ.u'1 Vj^'JjJ 1 . fkIL j j^t3*JiJ J 

lr li~ Ji ■ /* ■ ■ *? k—J J J ^/Jj" r '■» Tj J ^ \ 1 

^ Lu I 

(1,0) 

^L5v H 2 SO 4 ^ j-® ^ ij>- ^ 

S(KOH) iB jhw^u^ i_ i n^jjJL-fc /y* 0 j (NaQH) 

ol^jJuJli *1 ^l *LJt oVi>- l i-ix] , i ] Ja *u ^ rT^ 

SjjJkUl 

, ft Lil ( Jtrt.iAj ^JU-fr *Lj ^ ii Lb JI Jw^j jJ 1 4 *jL£ ^ ^/* 

,*li1 aJ^IjJ O^jUIIj OljJai-' j - 

S i- Lji iJ ] LrfJ ^ ^ ® 

■? Ljv^XSv; $ Ua Ct Jhj33 kjJv^Svu t_jL5- " ^ if* 



in 
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/i -j y l JJu \ 0 isLyoj J_X£- BOD ^ ■*" - 1' [_£*->1 u i . 1 ^ 1 ** ' *^ A . » ^ IV^ 

^biJl ^>3^ «0=^' 'j-^ 1 r " J! ur^ [ 

i»ul J Uu j jiJ/A <wJ\jJI ■■ oJ^ \j j t 

T o-»w.l 

*La ^JlJlL] T * £,4 L, k_i J-&J l 4j_fr ^ 1 jJLjJ ^ 

jJ/o = DO 0^ ii} .jXUU T 1 * * w BOD 3jjjj^ J Ca^jj jJcaJl* 

V j ,jL j ^ j1 U*a ,3 BODj j* j*t^-Lo T j 4^1 aJI j 

1 r 4/J \ 4^JU1 U Jji? ULl ^k?- i j # LdJ ^\ ^ ^ 

Jit bjj** J ^ djji J^j ? lLLL* oljla>- G^* 

siti 

e*‘><v*) 

Vj**’ gfHjl' :*lfj f 

tL* * * • i^-jLiiij - - 1 1 ^ .--^J - ■ 1 4 jiJ ji* ■ - M U I 4_* . ^ H 

+ £ ft ^ ^ (J > 

— O^ajui£ff r ) *\.W i ^jiir JUuj l £y-£- 

J-+* hjj4+*- - 

VL i—J jUti) «LlJLi .eLit ,fY * < V >1* i , *■«..■ • 

A-w-^1 Ijll ;UU 
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AJtUJk Ja*> 

» Jb-yi pj 

y> 

■F 

meter 

m 

J>J 1 

kilogram 

kg 

Ml 

second 

s 


ampere 

A 

^>1 jlxJl 

keh'in 

K 


mole 

mol 


candela 

cd 



( NIST, 2006 jJh*ll ) 

SjlUll CjUp-jJI 

1 000 000 = 10 6 

mega M 

1 000 = 103 


kilo k 

100= 10 2 


hecto h 


trr 





trt 


10 = io ] 

0,1 = l(T l 
0,01 = KT 1 
0,001 = KT 1 
0,000 001 = 10 -5 
0,000 000 001 = 10 * 


delta 

deci 

centi 

rnilli 

micro 

nano 

pico 


da 

d 

c 

m 

P 

n 

P 


o.ooo ooo ooo ooi = itr 12 

This table shows the common prefixes. Others, from 10" 24 to 10 14 are acceptable 
for use of the SI. See NIST SP 330. 


( NIST, 2006 yUsil ) jyj 9 tUr’ty 
S I j*,*oh 


kilo 

calorie 

kilogram 

joule (J), if the value is used in physics kilojoule (kJ), if the 
value is used in nutrition 

candle or 

candlepower 

candela 

centiliter 

milliliter or liter 

t'ermi 

femtometer 

gamma 

nanotcsla 

micron 

micrometer 

millimicron 

nanometer 

mho 

siemens 

7 (gamma) 

microgram 

X (lambda) 

cubic millimeter or microliter 


( NIST, 2006 jJUail ) 

To Convert 
From 


ajLUJl Ji <J! i&yty OUb-jJi y J 

To Multiply By 


Foot 


j>js 

meter (m) 


0.304 8 



Ij-LJ* 1 ! 


acre 

2 

square meter (m ) 

4 046.873 

acre 

hectare (ha) 

0.404 687 3 

circular roil 

2 

square millimeter (mm ) 

0.000 506 708 

square inch 

2 

square centimeter (cm j 

6.451 6 

square inch 

square millimeter (mm ) 

645.16 

Square fout 

2 

square meter (m ) 

0.092 903 04 

square yard 

2 

square meter (m ) 

0.836 127 36 

square mile 

2 

square kilometer (km ) 

2.589 988 





acre-foot 


3 

cubic meter (m ) 

1 233.489 

barrel, oil (42 US. 

3 

0.158 987 3 

gallons) 


cubic meter (ni ) 

barrel, oil (42 US. 
gallons) 

liter (L) 

■I 

158.987 3 

cubic yard 


cubic meter (m ) 

0.764 555 

cubic foot 


cubic meter (m ) 

0.028 316 85 

cubic foot 


liter (L) 

28.316 85 

board foot 


3 

cubic meter (m ) 

0.002 359 737 

register ton 


3 

cubic meter (m ) 

2.831 685 

bushel 


3 

cubic meter (m ) 

0.035 239 07 

gallon 


liter (L) 

3.785 412 

quart (liquid) 


liter (L) 

0.946 352 9 

pint (liquid) 


liter (L) 

0,473 176 5 



milliliter (mL) 

29.573 53 

cubic inch 


3 

cubic centimeter (cm ) 

16.387 064 



( 4*1 Ia^ )i 






foot per second 


meter per second (m/s) 

0.304 8 

mile per hour 


kilometer per hour (km/h) 

1.609 344 

knot (nautical mile 
per hour) 

kilometer per hour (km/h ) 

1.852 





inch per second 


-2 

meter per second squared (nr s ) 

0.025 4 



squared 




font per second 
squared 

-2 

meter per second squared (m s ) 

0.304 J? 

standard acceleration 

of gravity (g ) 

11 

-2 

meter per second squared {ms } 

9.806 65 


Jo** 



cubic foot per 
second 

3 

cubic meter per second (m /s) 

0.028 316 85 

cubic foot per 
minute 

cubic meter per second 

(m /s) 

0.000 471 
9474 

cubic foot per 
minute 

liter per second (Us) 


0.471 947 4 

cubic yard per 
minute 

liter per second (L/s) 


12.742 58 

gallon per minute 

liter per second (Us) 


0.063 090 2 

gallon per day 

liter per day (L/d) 
jy3+U? 


3.785 412 

mile per gallon 

kilometer per liter 
(km/L) 


0.425 143 7 

( 

*iU]i jii jmii ) 



( OjjJ' ) 

\\ 


ton (long) (22401b) 


kilogram (kg) 

1 016.047 

ton (long) 


metric ton (t) 

1.016 047 

Section To Convert From To Multiply By 
ton {short) (2000 lb) 

kilogram (kg) 

907.184 74 

ton (short) 


metric ton (t) 

0.907 184 74 

slug 


kilogram (kg) 

14.593 9 

pound (avoirdupois) 


kilogram (kg) 

0.453 592 37 

ounce (troy) 


gram (g) 

31.103 48 

ounce (avoirdupois) 


gram (g) 

28.349 52 

grain 


milligram(mg) 

64.798 91 

pound foot 


kilogram 
meter (kgm) 

0.138 255 


ton {2 000 lb ([shaft]}) per cubic yard 


kilogram pur 1 1U6. 553 
cubic muter 



try 


(kg/m 3 ) 
metric ion per 




cubic meter (t 

1.186 553 



/m ) 

kilogram per 


pound per cubic fool 


cubic meter 

3 

16.018 46 



(kg / m ) 



ot 



pound per gallon 


gram per liter 

(g/L) 

119.826 4 

ounce (avoirdupois) per gallon 

rJ * 31 

gram per liter 
(g/L) 

7.489 152 



kilogram 


pound fool per second 


meter per 
second 
(kfi-m/s) 
kilogram 

0.138 255 0 

pound square foot 


squar e meter 

2 

Qtg' m ) 

0.042 140 11 

pound-force 


newton (N) 

4,448 222 

poundal 


newton (N) 

0.138 255 0 

pound-force foot 


newton meter 
(N-m) 

1.355 818 

pound-force inch 

JtedaJl 

newton meter 
(N-m) 

0.112 984 8 

standard atmosphere 


kilopascal 

(kPa) 

101.325 

Section To Convert From To Multiply By 

kilopascal 

100 

bar 


(kPa) 

millibar 


kilopascal 

(kPa) 

0.1 

pound-force per square inch (psi) 


kilopascal 

(kPa) 

6.894 757 

kilopound-fbrce per square inch 


megapascal 

(MPa) 

6.894 757 





£TA 

pound-force per square foot 

kilo-pascal 

(kPa) 

0.047 880 26 

inch of mercury (32 °F) 

kilopascal 

(kPa) 

3,386 38 

foot of water (39.2 a F) 

kilopascal 

(kPa) 

2.988 98 

inch of water (39.2 °Fj 

kilopascal 

(kPa) 

0.249 082 

millimeter of mere ury (3 2 *F) 

kilopascal 

(kPa) 

0.133 322 4 

torr (Tonr) 

pascal (Pa) 

133.322 4 


miliipascal 


centi poise 

second 
(mPa ^ s) 

1 

ikiJl 



square 


centistokes 

millimeter per 
second 

i 

(mm /s) 

1 

JijJl 

tiiiUi 


kilnwatthour 

megajoule 

(MJ) 

3.6 

calorie (as used in physics) 

joule (J) 

4.184 

calorie (as used in nutrition) 

kilojoule (ki) 

4.184 

Btu 

kilojoule (ki) 

1.055 056 

therm (U.5,) 

megajoule 

(MJ) 

105.480 4 

horsepower hour 

megajoule 

(MJ) 

2.684 520 

foot pound-force 

joule (J) 

1.355 818 

SjiJl 



ton, refrigeration (12 ntxt Btu/h) 

kilowatt (kW) 

3.516 853 

Bcu per second 

kilowatt (kW) 

1.055 056 

Biu per hour 

watt (W) 

0.293 071 1 

horsepower (550 foot pounds-force per 
second) 

watt (W) 

745.699 9 

horsepower, electric 

watt (W) 

746 

foot pound-force per second 

watt (W) 

1.355 818 



£ HUJi OlJ^jJl ) fljli?-j,J 
SJUcJ' J-flbw 

reciprocal degree Fahrenheit 
reciprocal degree Fahrenheit 


reciprocal Kelvin 

<k'> 

reciprocal decree 
Celsius (*C ) 

{ AJtaJl Cd*^jJl 


1.8 

l r 8 


( SLlUh OIjJI JUjP^Jl Jjjc* 

watt per meter 

kelvin 0.144 227 9 

[W / (m ■ K)] 

JaJ' C-}U 


Btu inch per hour square foot degree 
Fahrenheit 


Btu per hour square foot degree 
Fahrenheit 


wart per square 
meter kelvin 

[W/V-K)] 


5.678 263 


Btu per degree Fahrenheit 


3jjI iiuJl 

kilojoule per 

kelvin 1.899101 

(kJ/K) 

kilojoule per 

Btu per pound degree Fahrenheit kilogram kelvin 4,186 8 

[kJ/(kg K)] 

cij/*! 

kilojoule per 

Btu per degree Rankinc kelvin 1,899 101 

(kJ/K) 





Section To Convert From To kilojoule per kilogram 


Multiply By Btu per pound 

kelvin 

4.186 8 

degree Ranking 

[kJ/(kg 1C)] 



Uj-uJ'i jupi aiyi 


Btu per pound 

kilojoule per kilogram 
<kJ/kg) 

2.326 


Quantities of Electricity and Magnetism 


Magnetic field strength 


oersted 

ampere per meter (A/m) 
Magnetic flux 

79.577 47 

maxwell 

nano weber (nWb) 
Magnetic flux density 

10 

gauss 

mi Hites la (mT) 

Electric charge 

0.1 

ampere hour 

coulomb (C) 

Resistivity 

3 600 

ohm circular mil per foot 

nanoohm meter (nfLm) 
Conductivity 

1,662 426 

mho per centimeter 

siemens per meter (S/m) 

100 


14 V jll AiUiJl i~s 

^rjl>' Jj^ 1 


angstrom 

nanometer (nm) 

Luminance 

0,1 

lambert (L) 

candela per square meter 
(cd/m ) 

3 183.099 

candela per square 
inch 

candela per square meter 
(cd /m ) 

1 550.003 

footlambert 

candela per square meter 
(cd /m ) 

3.426 259 


Luminous exitance 


lumen per square 
foot 

lux 

(lx) 

10,763 91 

phot 

lux 

(1*) 

10 000 


Illuminance 

lux 


(lx) 


footcandle 


10.763 91 



Quantities of Radiology 


Section To 
Convert From To 

Activity (of a radio nuclide) 

Multiply By 

Curie 

megabecquerel (MBq) 

37 000 

Rad 

Absorbed dose 
gray (Gy) 

0.01 

Rad 

centigray (cGy) 

1 

Rem 

Dose equivalent 
sievert (Sv) 

0.01 

Rem 

millisievert (mSv) 

10 

Millirem 

millisievert (mSv) 

0.01 

Millirem 

microsievert (p5v) 

10 

roentgen 

Exposure (x and gamma rays) 
coulomb per kilogram (C/kg) 0.000 25 B 


( Nobel,1983 jXA\ ) 5-iUit Jo* 



yj' 

ji' 


square meter 


m 2 

ii-L-i 1 ! 

cubic meter 




Hertz, cycles per second 

Hz 

1/s 


kilogram per cubic meter 


kg/m 3 

Si^Sl\ 

meter/sec 


m/s 


radian/sec 


rad's 


meter/second squared 


m/s 1 


radians per Second Square 


rad's 2 


cubic meter per second 


nrVs 


kg per second 


kg/s 

ijjj^ 



Newton 

Newton per meter 

Pascal (Newton per square 
meter) 

Newton-second per square 
meter 

meter squared per second 

joule, newton-meter, watt- 
second 

watt, joule per second 
joule per kilogram degree 
joule per kilogram 
joule per kilogram degree 
watt per meter degree 
meter squared per second 
coulomb 
volt 

volt per meter 
ohm 

amperes per volt meter 

farad 

Weber 

henry 

tesla 


N 

kg-m/s 

N/m 

kg/s 2 

Pa (N/m2) 

kg'in-s 2 

N-s/m2 

kg/m-s 1 


m 2 /s 

J, N-m, W- 
s 

kg-m 2 /s 2 

W, J/s 

kg-m 2 /s 3 

J/kg-K 

tnV-K 

J/kg 

m 2 /s 2 

J/kg-K 

mV-K 

W/m-K 

kg-m/s 3 -K 


m 2 /s 

C 

A-s 

V 

kg-m 2 /A-s ! 

V/ro 

kg-m/A-s 1 

ohm 

kg-m 2 /A 2 -s 3 

A/V-m 

A 2 -s 3 /kg-m 3 

F 

A 2 -s*/kg-m 1 

Wb 

kg-m 2 /s 2 -A 

H 

kg-m 2 /s 2 -A 2 

T 

kg/s 2 -A 


XXi\ 

JuSJl i idJudJ' 

siui 

i' i..... iJUjLj 

•J t 

JJL 

IS J-\ lj$\ 

<***>» J1* 

5-jU**-3 
■■ ■ ■ . ■ J'^ 

J-U* 




nr 




Jl (IS) Uull OlJ^- jil JA Ol-L»-Jj Ijf. C^I y 

( SSSJ., 2006 ) 



(SI) JjVl J j*& 


J> *ii ^ 


JjW» 


kilometer, km (10* m) 

mile, mi 

1.61 

meter, m 

yard, yd 

0.91 

meter, m 

foot, ft 

0.3 

micrometer, ^m {10"* m :i 

micron, \i 

1 

millimeter, mm (IQ" 3 ™- 

inch, in 

25.4 

nanometer, om (10r* m) 

Angstrom, A 

0.1 




hectare, ha 

acre 

0.41 

square kilometer, km 2 
(10' mf 

acre 

4.05 x Iff 3 

square kilometer, km 2 
(10 3 mf 

square mile, mi 2 

2.59 

square meter, m 2 

acre 

4.05 k I0 3 

square meter, m 2 

square foot, ft 1 

9.29 x 10’ 2 

square millimeter, mm 2 
(ltf 1 ”* 

square inch, in 2 

645 


?*** 


cubic meter, nr 

acre-inch 

102.8 





at 

cubic meter, nr 

cubic fool, ft 3 

2.83 x 10* 

cubic meter, m' 

cubic inch, in 3 

1,64 x KT 5 

liter, L (10* m s ) 

bushel, by 

35.24 

liter, L (10* m 3 ) 

quart (liquid), qt 

0.95 

liter, L (10* m 3 ) 

cubic foot, rt 3 

28.3 

liter, L (10* m s ) 

gallon 

3.78 

liter, L (10* m 3 ) 

ounce (fluid), oz 

2.96 x 10* 

liter, L (10* m 3 ) 

pint (fluid), pt 

0.47 


axai 


gram, g{l(T 3 ^ 

pound, lb 

454 

gram, g(l(T lltR) 

ounce (avdp), oz 

28.4 

kilogram, kg 

pound, lb 

0.45 

kilogram, kg 

quintal (metric), q 

100 

kilogram, kg 

ton (2000 lb), ton 

907 

mega gram, Mg (tone) 

ton (U.S.), ton 

0.91 

tonne, t 

ion (U.S.), ton 

0.91 


J-Uil 3 


kilogram per hectare, 
kg ha" 1 

pound per acre, lb acre" 1 

1.12 

kilogram per cubic meter, 
kgm"- 

pound per bushel, bu" L 

12.87 

kilogram per hectare, 
kg ha" ] 

bushel per acre, 60 lb 

67,19 

kilogram per hectare, 
kg ha" L 

bushel per acre, 56 lb 

62.71 



kilogram per hectare, 
kg ha 1 

bushel per acre, 4& lb 

53.75 

liter per hectare, L ha" 1 

gallon per acre 

9,35 

tones per hectare, t ha" 1 

pound per acre, lb acre" 1 

1.12 xlO' 5 

mega gram per hectare* 
Mg ha" ] 

pound per acre, lb acre" 1 

1.12 x 10' 3 

mega gram per hectare. 
Mg ha" ] 

ton (2000 lb) per acre, ton acre" 1 

2,24 

meter per second, m s" L 

mile per hour 

0.45 


gkJi 


square meter per 
kilogram, m 2 kg"' 

square centimeter per gram, cm 2 g" 1 

0.1 

square meter per 
kilogram, nt kg" 1 

square millimeter per gram, mm 2 g" 1 

0 




mega gram per cubic 
meter. Mg m" J ' 

gram per cubic centimeter, g cm"' 

1 


kk jJl 


mega Pascal, MPa 
(Uf Pa) 

atmosphere 

0.1 

mega Pascal, MPa 
(IQ 6 Pa) 

bar 

0.1 

pascal. Pa 

pound per square foot, lb ft" 2 

47.9 

Pascal, Pa 

pound per square inch, lb in" s 

6.90 x 10 3 




Kelvin, K 

Celsius, a C 

1.00 (“C + 273) 

Celsius, 

Fahrenheit, °F 

5/9 (°F - 32) 


jiujtj aivyt 

1.05 x 10 s 


joule, J 


British thermal unit, Btu 



joule, J 

calorie, cal 

joule, J 

erg 

joule, J 

foot-pound 

joule per square meter. 

calorie per square centimeter 
(langley) 

Newton, N 

dyne 

watt per square meter, 

W m 2 

calorie per square centimeter minute 
(irradiance), cal cm 2 min" 1 



milligram per square 
meter second. 

gram per square decimeter hour, g 
dm" 2 li- ] 

mg m 2 s" L 


milligram (HjO) per 
square meter second, 
mg m" 2 s" L 

milligram per square 
meter second. 

micromole (H^O) per square 
centimeter second, 
pmol cm" 2 s" L 

milligram per square centimeter 
second, mg cm" 1 s" 1 

mg m" 2 s" L 


milligram per square 
meter second. 

milligram per square decimeter 
hour, mg dm" 2 h" 3 

mg m mZ s~ l 


radian* rad 

degrees (angle), 0 


siemen per meter, .... , 4 . , . -i 

„ -i r imllsmho per centimeter, mmho cm 

am 

gauss, G 


4.19 

40093 

1.36 

4.19 x It) 4 
40091 
698 


1.75 x 1C 2 

O.l 


tesla, T 


40090 



tiv 


cubic meter, m" 

cubic meter per hour, m 5 
h" ] 

cubic meter per hour, nr 
IT 1 

hectare-meters* ba-m 

hectare-meters. ha-m 

hectare-centimeters* ha¬ 
em 


ceuti mole per kilogram, 
emol kg" 1 

gram per kilogram, 

gkg 1 

milligram per kilogram* 
mg kg' 1 


becquerel, Bq 

becquerel per kilogram* 
Bq kg’ 1 
gray, Gy 
(absorbed dose) 
sieved, Sv (equivalent 
dose) 

Elemental 

P 

K 

Ca 




frlil OLili 


acre-inches, acre-in 

102,8 

cubic feet per second, ft 5 s" L 

101.9 

U.&. gallons per minute, gal min" L 

0.23 

acre-feet, acre-ft 

0.12 

acre-inches, acne-in 

1.03 x Iff 2 

acre-feet, acre-ft 

12.33 

yi 


mill equivalents per 100 grams, meq 

100 g 1 

1 

percent, % 

10 

parts per million, ppm 

1 

J»uJi 


curie, Ci 

3.7 x 10 1 ® 

picocurie per gram, pCi g’ 1 

37 

rad, rd 

0.01 

rem {roentgen equivalent man) 

0.01 



Oxide 


p 2 o 5 

0.44 

k 2 o 

0.83 

CaO 

0.72 

MgO 

0.6 


Mg 



j^Ai 


iiA 


j*J ] 

£ 


( Nobel,1983 ^UaJj ) ja*J LJJ' Cj' jill *J 


D, 


COn 


r ji 11 a 1 'i 

speed of light in 
vacuum 

rL11_^Lpij j-^ j“ 

saturation concentration 
of water vapor (i.e., at 
100% relative humidity) 




1 

ciUr' ^ 

volumetr ic heat capacity 
of dry air at constant 
pressure { J atmosphere, 
0,1013 MPa) 

j 

volumetric heat capacity 
of moist air at constant 
pressure (1 atmosphere) 

jUJ 

diffusion coefficient of 

CO 2 in air 


’(0.1309 mo] nf 3 ) 

at 

-10 a C 

’ (0.1891 mol rtf 3 ) 

at 

-5 a C 

’ ( 0.2690 mol m -3 ) 

at 

0°C 

’ ( 0.3773 mol m J ) 

at 

5°C 

5 (0.5217 mol m J ) 

at 

10 o c 

(0,7121 mol m°) 

at 

15 °C 

( 0.9603 mol m° ) 

at 

20 °C 

( 1.2790 mol m° ) 

at 

25 °C 

(1.6860 molin' 3 ) 

at 

30 °C 

( 2.2000 mol m' 3 ) 

at 

35°C 

(2.8410 mol m' 3 ) 

at 

40 °C 

( 3.6360 mol m' 3 ) 

at 

45 °C 

(4.6100mol of 3 ) 

at 

50°C 

r 3 °C‘ ] 

at 

0*C 

f 3 °C ] 

at 20 *C 

r 3 •c 4 

at 40 °C 


1,29 kJ m° °CT l 
1,21 kJ m mi T l 
1,13 kJm' J< ’CT l 


at 0 a C 
at20°C 
at40 D C 


1.33 x 

icr 5 

m 2 s ' 1 

at 

o°c 

1.42 x 

icr 5 

m 2 s ' 1 

at 

10 *c 

1.51 x 

icr 5 

m 2 s ' 1 

at 

20^ 

1.60 x 

ICr 3 

m 1 s ’ 1 

at 

30 °C 

1.70 x 

1CT 5 

m 1 s ' 1 

at 

40 "C 




( I atmnsphere „ 0,1 013 

MPa) 

diffusion coefficient of 
Qz in air (1 atmosphere, 
0.1013 MPa) 

jUyJ JrfU* 

*V’ j M 

diffusion coefficient of 
water vapor in air 
( 1 atmosphere, 0.1013 
MPa) 

jJJI 

base for natural 
logarithm 

faraday 

JlLmJI 

gravitational 

acceleration 


<dh%> 

Plank's constant 


*Ud ^LJ Sjl j>- 

heat of sublimation of 
water 


1,95 * ICT 5 mV at 20 °C 


2.13 x NT* m 1 s' 1 

at 0*C 

2.27 x l(f m 1 s' 1 

at 10 °C 

2.42 x lG" 5 id 1 s' 1 

at 20 "C 

2.57 x ICT* id 1 s' 1 

at 30 "C 

2.72 x |C r m 1 s -' 

at 40 "C 


2.71828 (1 

te = 0.368) 

9.649 

X 10“ 

coulomb mol" 1 

9,649 

x 10“ 

J mol' 1 V ] 

2.306 

x 10“ 

cal mol' 1 V 1 

23.06 

kcal mol" 1 V L 


9.780 m s" 2 ( sea level", 0* latitude ) 

9.807 ms" 2 ( sea level" T 45* latitude ) 

9.832 ms" 2 ( sea level’ n 90* latitude ) 

978.0ms" 2 (sea level*, 0*latitude} 

980.7 ms" 2 (sea level", 45*latitude) 
983,2 m s" 2 (sea level*, 90* latitude) 

(* The correction for height above sea 
level is - 3.09 * KT* m s -2 per m of 
altitude) 

6 626 * 1(T 3 ' Js 


6.626 x 10 2 ' erg s 
0.4136* UT L4 eVs 

6.626 x l Or 37 kcal s 
1.986 x HT 25 Jm 

1240 eVnm 

51.37 kJ mol" 1 (2.847 MI kg" 1 ) at -10 "C 
51.17 kJ mol" 1 (2.835 MI kg" 1 ) at-5°C 
51.37 kJ mol" 1 (2.826 MI kg" 1 ) at -0*C 
12.27 kcal mof (680 cal g" T ) at -10 a C 








£ o ♦ 



12,22 kcal mol' 1 (677 cal g‘ l ) 

at 

-5°C 



12,18 kcal mol' 1 (675 cal g‘ l ) 

at 

- 0 "C 


s-LJU l sjl 

45,06 kj mol' 1 (2,501 MJ kg' 1 } 
44.63 kj mol' 1 (2.477 MJ kg' 1 ) 

at 

at 

0 “C 
10 “C 


heat of vaporization of 

44.21 kj mol'' (2.454 MJ kg' 1 ) 

at 

20 “C 


water 

44.00 kj mol' 1 (2.442 MJ kg' 1 ) 

at 

25 *C 



43.78 kJ mol' 1 (2.430 MJ kg' 1 ) 

at 

30 “C 



43.35 kJ mol' 1 (2.406 MJ kg' 1 ) 

at 

40 *C 



42.$ 1 kJ mol' 1 (2.382 MJ kg' 1 ) 

at 

50 ®C 



40.68 kJ mol' 1 (2,258 MJ kg' 1 ) 

at 

100 *c 



10.76 kcal mol' 1 (597 cal g‘ l ) 

at 

o°c 



10.67 kcal mol' 1 (592 cal g l ) 

at 

10°C 



10.56 kcal mol' 1 (586 cal g l ) 

at 

20 °C 



10.50 kcal mol" 1 (583 cal g l ) 

at 

25 *C 



10.45 kcal mol" 1 (580 cal g '} 

at 

30 °C 



10.36 kcal mol" 1 (575 cal g l ) 

at 

40 °C 



10.25 kcal mol 1 (569 cal g l ) 

at 

50 *C 



9.71 kcal mol" 1 (539 cal g ') 

at 

100 °c 

k 


1,381 x 10" 21 J molecule" 1 K" 
1,381 x KT 1 * erg molecule 1 K 1 




Boltzmann’a constant 

8.617 x 1<T 5 eV molecule 1 K l 



kT 


0.0235 cV molecule" 1 

at 

o^c 



0.0253 cV molecule' 1 

at 

20 *C 



0,0257 eV molecule" 1 

at 

25 °C 

f? ,r 

iS Jhr^ 5 ‘—A’ 

0.0237 W m" 1 *C' 

0.0243 W m' 1 °CT I 

at 

at 

-10 ‘C 

0°C 


wiU-l J 1 

0.0250 W m' 1 °C' 

0.0257 W m" 1 <€"' 

at 

at 

10 °C 
20 °C 


thermal conductivity 
coefficient of dry air 





(1 atmosphere) * 





cal! 






0.0264 W m" 1 "CT 1 

at 

30 °C 


thermal conductivity 

0.0270 W m" 1 "Cr 1 

at 

40 a C 


coefficient of moist air 
(100% relative humidity, 

0.0277 W m" 1 "CT 1 

at 

50 °C 


1 atmosphere ) 

0.0242 W m" 1 “C 1 

at 

0°C 



0.0255 W m" 1 ■CT' 

at 

20 °C 


+ The pressure 

0.0264 W m" 1 a CT 1 

at 

40 "C 


sensitivity is very slight* 





K* lr increasing only 






to) 

about 0.0001 W m' ] C 1 
per atmosphere {0,1013 





MPa) increase in 





pressure. 




j ^yrnicr 

J— 

0.565 W m" 1 °C m> 

0.599 W m" 1 °C m> 

at 

at 

ox 

20 °C 


A\ j 

0.627 W m" 1 X' 1 

at 

40 “C 


thermal conductivity 
coefficient of water 




In 2 


0.693 



N 

:>4a 

6.0220 * 10" molecules 

mol" 1 



Avogadro f s number 

0.1196 J mol" 1 m 



Nhc 




119600 kJ mol - nm 
28.60 kcal mol' 1 m 
28600 kcal mol' 1 nm 

Nk 


R 



K 


0.00256 

°c 

at 

-10 



0.00396 

°C 

at 

-5 


saturation mole fraction 

0.00603 

at 

0°C 


of water vapor ( i.e. n at 

0.00861 

at 

5 °C 


100% relative humidity 

0.01211 

at 

10 °C 


{ at 1 atmosphere 

0.01682 

at 

15 a C 


(0.1013 MPa) 

0.02307 

at 

20 a C 



0.03126 

at 

25 a C 



0.04187 

at 

30 °C 



0.05550 

at 

35 °C 



0.06281 

at 

40 °C 



0.09459 

at 

45 °C 



0.12180 

at 

50 a C 

K 

till J 1 ^ 

0.260 KPa (2,60 mbar) 
0.401 KPa ( 4.01 mbar) 

at 

at 

-10°C 
-5 "G 


saturation vapor 

0.611 KPa (6.11 mbar) 

at 

0 a C 


pressure of water 

0.872 KPa ( 8.72 mbar) 

at 

5 °C 



1.227 KPa (12.27 mbar) 

at 

10 *C 



1.704 KPa (17.04 mbar) 

at 

15 *C 



2.337 KPa (23.37 mbar) 

at 

20 *C 



3.137 KPa (31.37 mbar) 

at 

25 *C 



4.243 KPa (42.43 mbar) 

at 

30 ®C 



5.623 KPa (56.23 mbar) 

at 

35 ®C 



^•Ail 


U Y 

7.378 KPa (73-78 mbar) 

at 

40 "C 

9.585 KPa (95.85 mbar) 

a* 

45 “C 

12.34 KPa (123.4 mbar) 

at 

50 *C 


R ..... 8.3143 JmoF 1 K' 1 

1.987 cal mol' 1 K' 1 

gas constant 8.3143 m 3 Pa mot 1 K‘ l 

8.3143 x iff* m 3 MPa mot 1 K‘ l 
0.082054 liter atmosphere mol' 1 K' 1 
0.083143 liter bar mol' 1 K' 1 
83.143 cm 3 bar mol' 1 K' 1 


RT 

2.271 x to 3 J mol' 1 (m 3 Pa mol 1 ) 

at 0“C 


2.437 x io 3 J mol" 1 (m 3 Pa mol 1 ) 

at 20 °C 


2.479 x io 3 J mol" 1 (m 3 Pa mol 1 ) 

at 25 °C 


2.271 x itr 3 Jm 3 MPa mol 1 

at 0*0 


2.437 x lor 3 J m 3 MPa mol 1 

at 20 °C 


2.479 x t(T 3 J m 3 MPa mol 1 

at 25 °C 


543 cal mol" 1 

at 0*C 


5S2 cal mol' 1 

at 20 ®C 


2.271 liter MPa mol' 1 

at OT 


2.437 liter MPa mol' 1 

at 20 °C 


22.71 liter bar mol’ 1 

at 0 °C 


24.37 liter bar mol' 1 

at 20 "C 


22710 nr bar mol' 1 

at 0"C 


24370 m 5 bar mol' 1 

at 20 "C 


22.41 liter atmosphere nol' 

at 0°C 


24.05 liter atmosphere nol' 

at 20 "C 

2,303 RT 

5.62 kJmol' 1 

at 20 C C 


5,71 kJmol' 1 

at 25 “’C 


1,342 kcalmoF 1 

at 20 *C 


1.364 kcalmoF 1 

at 25 *C 


56120 cm 3 bar mol' 1 

at 20 °€ 

RT/F 

25,3 mV 

at 20 °C 


25,7 mV 

at 25 °C 

2.303 RT/F 

58,2 mV 

at 20 °C 


59,2 mV 

at 25 °C 


60,2 mV 

at 25 °C 

RT1V~ 

135.0 MPa 

at 20 "C 


137.3 MPa 

at 25 "C 


32.4 cal cm" 3 

at 20 °C 


135.0 Jem" 3 

at 20 “C 


1350 bars 

at 20 °C 


1330 atm c sphere 
"C 

at 20 

2.303 

310.9 M Pa 

at 20^ 



RT/V w 


131 

scalar constant 

*\+U 

( W jj ) 

specific heat of water 
(mass basis} 


316,2 M Pa 
3063 atmosphere 

°C 

3109 bars 
1360 W m" 3 
1.95 cal era" 2 niin" 1 
1.36 * 10 s erg cm" 2 s" 1 
0.136 W cm" 2 
4187 J kg' 1 XT' 

1.00 cal g- 1 °C- J 


75.4 J mol'' °C' 

18 .0 cal mol' 1 "CT 1 


( <J j *) 

specific heal of water 
(mole basis) 

^lilif-i-i 


1.805 x 10" J m 3 mor ] 
18.05 cm 3 mol' 1 


at 25 °C 
at 20 

at 20 °C 


at 20*0 
at 20 *C 


partial molal volume of 
water 


GO 

^A] 1 ! ,J LiliKl 
permittivity of a 

8.854 x ICT 12 coulomb 3 m' 2 N" 1 
8.854 x 1CT 12 coulomb m' 1 V 1 




vacuum 





*LU 

1.784 x l(T 3 Pas 

1.306 xKT 1 Pas 

at 

at 

0°C 

10 °c 


viscosity of water 

1.002 xlOT 1 Pas 

at 

20 °C 



0.798 x KT 1 Pas 

at 

30 °C 



0,653 x KT 1 Pa s 

at 

40 °C 



0.01002 dyn s cm' 1 

at 

20 D C 



3,14159 



Pair 

^juu *i^ji 

1.293 kgm' 3 
°C 

at 

0 


density of dry air 

1.205 kgm’ 3 

at 

20 


(1 atmosphere, 0.1013 

°C 




MPa) 

1,128 kgm’ 3 

at 

40 






^•aii 


iat 



1,290 kgm J 

at 

0 


density of saturated air 

"C 




( t atmosphere) + 

1.194 kgm J 

at 

20 


+ Moist air is less dense 

*C 




than diy air at the same 

1.097 kg ttP 

at 

40 


temperature and 
pressure, since the 
molecular weight of 

"C 




water (18,0} is less than 





the average for air 





(29,0) 





*ut 

999.8 kg m J ( 0.9998 g cm" 0 ) 
1000-0 kgm" 3 ( 1.0000gem -3 

at 

)at 

O’C 

4’C 


density of water 

999.7 kg m -3 ( 0.9997 g cm -3 ) 

at 

10 *C 



998.2 kg m -3 ( 0.9982 g cm -3 ) 

at 

20 *C 



995.6 kg ni 0 ( 0.9956 g cm" 0 ) 

at 

30 *C 



992.2 kg ni 0 ( 0.9922 g cm" 0 ) 

at 

40 *C 

Pw ^ 


0.00979 MPa rtf' (20 “C, sea lev 
45* latitude } 

el. 



G.0979 barm" 1 (20 ■*£, sea level. 



45* latitude > 





979 dyn cm J (20 *C, sea level, 



45* latitude } 





l).09b6 atosphei^ m" (20 *C, sea level. 



45* latitude ) 



a 

— ijUjU 

5.670 x Iff 4 W tn 2 K 4 

5.670 x 1CT 12 W cm" 2 K 4 




Stefan — Boltzmann 

8.130 x l(r" cal cm 2 mitT 1 K -4 




constant 

5.670 x iff-* erg cm" 2 s' 1 K" 4 



<*w 

*LoJj S? ■ ■■ l] JvJtil 

0.0756 N m’ 1 ( Pa m ) 

0.0742 N m" 1 { Pa m ) 

at 

at 

0*C 

10 *c 


Surface tension of water 

0.0728 N m" 1 ( Pa m ) 

at 

20 *C 



0.0712 N in 1 (Pam) 

at 

30 °C 



0.0696 Nm l (Pam) 

at 

40 °C 



0.0756 N m' 1 ( Pa m ) 

at 

0°C 



7.28 x ICr* M Pa m 

at 

20 *C 



72.8 dyn cm' 1 

at 

20*0 



7.18 x 10" S atmosphere cm 

at 

20 °C 



7,28 x iff- 5 bar cm 

at 

20 


°c 





U ph jilj Ljail JJl^l 


BW 

( jij* ^ j 

I 2.07 ! 

0.05 M- HCI + 0 09 M - KCl 


0.10 M- Potassium tetra oxalate ( KH^CjOa^^HiO) 

3.72 

0.10 if-Potassium Dihydrogene Citrate (KHjC<H}Oj) 

4.64 

0.10 Af — Acetic acid {CH 5 CO 2 H ) + 0.10 M— Sodium acetate 
(CH n COONa ) 

4.70 

0.01 M- Acetic acid (CHjCOjH ) + 0.01 M- Sodium acetate 
(CH,COONa \ 

6.85 

0.01 if-Potassium Dihydrogene Phosphate (KHjPOi) + 0.0J M~ 

Di sodium Hydrogene Phosphate (NajHPO^ 

9.18 

0.05 M— Btnax (Di sodium Tetra Borate (Na^BdO^.lOH^O)) 

10.00 

0.025 M- Sodium Bicarbonate (NaHCOj) + 0.025 M- Sodium 
Carbonate (Na 2 COn) 

11,72 

0,01 M-Tri Sodium Orthophosphate (NaiPQd-lSHaO) 
































iiisjxl 1 jJJl JL£ jlJ LJUl! Jjbw 


Oji^l 

Oji^l itvir 

JyiW 

|i = 0 .M 2 

|i = 0^1 

!! = «.« 

|i = <U 0 


H 4 

9 

0,967 

0.933 

0.914 

0.86 

0.83 

Li + 

6 

0.965 

0.929 

0.907 

0.835 

0.8 

Na\lO/,HSO/ 

4 

9.964 

0.927 

0.901 

Q.B15 

0.77 

Off, F, CIO/ 

3.5 

0.964 

0.926 

0.9 

0.81 

0.76 

K 4 , Cl', Br', r 

3 

0.964 

0.925 

0.899 

0.805 

0.755 

NH 4 + ,Ag* 

2.5 

0.964 

0.924 

0.898 

0.8 

0.75 

Mg*%Be I+ 

8 

0.872 

0.755 

0.69 

0.52 

0,45 

Ca 1 + ,Cu l+ ,Zn 1+ , 

Mn i+ , Nl !+ , Co i+ 

6 

0.87 

0.749 

0.675 

0.485 

0.405 

Ba 24 , Cd 14 

5 

0.868 

0.744 

0.67 

0.465 

0.38 

Pb 14 

4.5 

0.867 

0.742 

0.665 

0.455 

0.37 

SO, 2- , HPO** 

4 

G.867 

0.74 

0.66 

0.445 

0.355 

Al 34 , Fe 34 , Cr 34 

9 

0.738 

0.54 

0.445 

0.245 

0.18 

P0 4 3 ' 

4 

0.725 

0.505 

0.395 

0.16 

0.095 

Tn * 4 , Zr 14 , Ce 4 " 

11 

0,588 

0.35 

0.255 

0.1 

0.065 
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